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Resources for Implementing Inquiry in Science
and Mathematics at School

The Fibonacci Project (2010-2013) aimed at a large dissemination of inquiry-based science educa-
tion and inquiry-based mathematics education throughout the European Union. The project part-
ners created and trialled a common approach to inquiry-based teaching and learning in science
and mathematics and a dissemination process involving 12 Reference Centres and 24 Twin Centres
throughout Europe which took account of local contexts.

This booklet is part of the Resources for Implementing Inquiry in Science and in Mathematics at
School. These Resources include two sets of complementary booklets developed during the Fibo-
nacci Project:

1) Background Resources

The Background Resources were written by the members of the Fibonacci Scientific Committee.
They define the general principles of inquiry-based science education and inquiry-based mathe-
matics education and of their implementation. They include the following booklets:

* 1.1 Learning through Inquiry

e 1.2 Inquiry in Science Education

* 1.3 Inquiry in Mathematics Education

2) Companion Resources

The Companion Resources provide practical information, instructional ideas and activities, and
assessment tools for the effective implementation of an inquiry-based approach in science and
mathematics at school. They are based on the three-year experiences of five groups of Fibonacci
partners who focused on different aspects of implementation. The Companion Resources summa-
rise the lessons learned in the process and, where relevant, provide a number of recommendations
for the different actors concerned with science and mathematics education (teachers, teacher
educators, school directives, deciders, policy makers...). They include the following booklets:

¢ 2.1 Tools for Enhancing Inquiry in Science Education

° 2.2 Implementing Inquiry in Mathematics Education

2.3 Setting up, Developing and Expanding a Centre for Science and/or Mathematics

Education
° 2.4 Integrating Science Inquiry across the Curriculum
* 2.5 Implementing Inquiry beyond the School

Reference may be made within this booklet to the other Resource booklets. All the booklets are
available, free of charge, on the Fibonacci website, within the Resources section.

Editorial coordinator: Susana Borda Carulla
Fibonacci Scientific Committee: Michéle Artigue, Peter Baptist, Justin Dillon,
David Jasmin, Wynne Harlen, Pierre Léna
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Preamble

Sustainable Innovation in Education:
What Matters and Why?

Louise Hayward and George MacBride, School of Education, University of Glasgow, Scotland

Innovation without change — an expert guide

Over the past decades, given the remarkable number of innovations in education, there has been rather less
real change in the experiences of learners than might have been expected. This has been the case even for high-
profile and well-funded intentions.

Internationally, we know a great deal about what will not lead to sustainable change. Many of us will have expe-
rience of well-intentioned innovations that:

e drowned schools in paperwork in the form of multiple directives, guidelines, reports, forms, ministe-
rial letters;

* set up well-resourced and supported pilot projects which were then ‘rolled out’ without the resources
or support;

* ‘cascaded’ the innovation: those at the top of the hierarchy understood the innovation and passed
its message to others, who passed the message on and, a little like the children’s game of Chinese
Whispers, by the time the messages reached teachers, they were very different from the original set
of ideas;

* measured whatever outcomes were easiest to measure without considering the perverse conse-
quences of this approach.

We know that mechanistic approaches to implementation that do not recognise the importance of the local
context when deciding on practice simply do not work (Gardner, Harlen, Hayward & Stobart, 2010)*. They may
lead to minimalist implementation where superficial evidence is produced for those in authority. Or there may
be subversion and distortion of the aims of the innovation. Or there may be serious and damaging unintended
consequences.

‘Hurricane winds sweep across the sea tossing up twenty foot waves; a fathom below the surface
turbulent waters swirl while on the ocean floor there is unruffled calm.’ (Cuban, 1994)

Sustainable development in learning

Counter to the failure of such approaches, there is strong evidence that sustainable development in learning
takes place when change is seen as inquiry and when policy makers, researchers and practitioners partici-
pate and learn together with integrity, recognising their shared goals of improving learning for all (Hayward &
Spencer, 2010)°.

1 Gardner, J,, Harlen, W., Hayward, L., Stobart, G. with Montgomery, M., 2010. Developing Teacher Assessments. McGraw-Hill:
OU Press.

Cuban, L., 1984. How Teachers Taught: constancy and change in American classrooms 1890-1980. New York: Teachers College Press.

Hayward, Louise and Spencer, Ernest, 2010. The Complexities of Change: formative assessment in Scotland. Curriculum Journal, 21(2),
pp. 161-177.



There are three aspects of integrity in innovation likely to lead to real and sustainable change:

Educational integrity: any innovation must have (and be seen by all involved to have) educational
value in that it must be based on recognised and shared principles and be likely to give young people
better experiences, leading to better learning and outcomes.

Personal and professional integrity: all those involved must be treated with respect, as subjects
who contribute to the planning, implementation and evaluation of the innovation with their views
and knowledge recognised and considered.

Systemic integrity: All of the components of the education system must work together to ensure
that there is alignment and consistency with the principles of the innovation and avoid unintended
consequences.

Thus successful, sustainable change in inquiry-based science and mathematics education will involve starting
from where people are: children and young people, practitioners, policy makers, parents and industrialists, in
terms of their context, of their thinking, of their strengths and of their areas for development. It requires all
involved to recognise that they are learners and members of a learning society.

Effective professional learning in building inquiry-based science and mathematics education is most likely to
take place when teachers and others engage in collaborative inquiry, building their expertise, using research and
reading as part of reflective practice. Working with colleagues through dialogue and reflection and to analyse
and develop professional practice, is an essential part of developing and deepening understanding. To embed
inquiry-based science and mathematics education in sustainable ways across a country, will involve the devel-
opment and support of well-planned partnerships and networks.

Ineffective approaches to innovation share one common feature—change is under-designed (Gardner, Harlen,
Hayward & Stobart, 2010)*. The idea of how to encourage approaches to change that are sustainable has to be
built in from the earliest stages of the process of planning for change.

One group often omitted from plans for educational change are the learners themselves. Yet they are key partic-
ipants in terms of their rights as recognised both internationally and in the laws of many EU countries. Equally
important is that learners have unique insights into their own learning and their perceptions of what matters in
their education system. Inquiry-based practice in classrooms is beginning to recognise this especially in terms
of learners being engaged in planning for, and reflecting on their own learning. For inquiry-based science and
mathematics education to be truly sustainable, perhaps we now need to find ways of engaging learners in plan-
ning at all levels of the system.

A Centre for Science and Mathematics Education (CSME) committed to developing inquiry-based learning must
model this commitment in its own work. A CSME will be a sustainable base for education innovations in its own
context when the three aspects of integrity in innovation are explicitly recognised:

Educational integrity:
the first and explicit aim of the Centre is to improve the educational experiences of young people
and thereby enhance their learning now and in the future;
the development model and practice within the Centre are themselves informed by a commitment
to the spirit of inquiry;
the experience, knowledge and views of learners contribute to the development of thinking and
practice in inquiry-based learning.
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* Personal and professional integrity:

* all who will contribute to and benefit from the Centre are involved in the cycle of planning
(including questions such as why do this?), implementation and review of its work from the initial
stages onwards: teachers, local policy makers and education authorities, researchers, teacher
educators (with both beginning and experienced teachers), employers and learners;

* there is dialogue with all who may see the impact of the Centre about its principles, plans and
work: not only members of the above groups but also others, especially parents;

° no group is privileged within the practice, procedures and structures of the Centre

* the Centre recognises and builds on the existing knowledge (content and pedagogical), expertise
and experience of the teachers and others with whom it works.

° Systemic integrity:
* the Centre promotes institutional and systemic development that supports inquiry-based
learning, e.g., where appropriate, policy (local and national), school inspectors;
* the Centre recognises and seeks to address openly, and with respect, aspects of the education
system which may not be consistent with inquiry-based education;
* learners are involved in planning, implementing and reviewing the work of the Centre and
through their participation in research.

Introduction

What is a CSME?

A Centre for Science and/or Mathematics Education (CSME) is an entity in charge of establishing and coordi-
nating a structured and ongoing initiative for taking inquiry-based science and/or mathematics education to the
classrooms of the local schools at a city, district, county, or regional level. ACSME can be a university, a teacher-
training structure, a school, a science museum, a science academy, or any other institution capable of:

1. providing sustainable and diversified professional development and logistic support to science
and/or mathematics teachers at a local level, and,

2. working collaboratively with other local partners of interest (i.e. scientists, municipalities, science
museums, etc.).

Pre-requisites for Setting up a CSME

An entity interested in setting up a CSME must necessarily meet the following requirements:

* it must work with schools;
* it must be involved in in-service teacher training or continuing professional development;
° it must have an expertise in inquiry-based science and/or mathematics teaching.




Engaging a large portion of teachers in the initiative is considered here as being a priority. Thus, plans must be
made for a preparation phase that may last an entire year. This provides an opportunity to mobilise local actors
and partners, and to get them involved in developing the project. More specifically, the viability and success of
the initiative will depend upon the following conditions:

a shared belief in the CSME’s long-term challenges and outlooks;

willingness from political institutions, including vital support from the local and national education
system;

effective mobilisation of local actors (local authorities, scientists, parents, associations, etc.) united
around a single project;

a clear commitment from all partners to allocate the necessary human and financial resources to
support each project throughout its life span (at least three years);

institutional support for the teachers: trust, academic oversight, scientific guidance, training;

a development plan that combines the CSME's strategic aspects and their subsequent actions, and
sets a timetable;

an official agreement contracting all the partners’ commitments for the duration of each project
(at least three years).

You may want to assess your entity’s potential to respond to these conditions before engaging in the creation
of a CSME.

This booklet comprises two parts.

Part I, “Strategies and Processes for a CSME Initiative”, provides an organisational framework for an entity
who would like to establish and coordinate an initiative for setting up and developing a CSME. The framework
comprises strategies and recommendations as well as lessons for practice in seven strategic work areas.

Part I, “"CSME Profiles”, includes nine selected profiles from CSMEs that were involved from 2010 to 2013 in the
Fibonacci project (www.fibonacci-project.eu). They provide an overview of how the strategies and recommen-
dations described in Part | can be implemented, adapting them to specific cultural, political, and educational
contexts. Lessons from practice are also drawn from each of these initiatives. An overview of the specialities of
other CSMEs that took part in the Fibonacci project is provided in ANNEX 1, thus giving the reader the opportu-
nity to identify and contact potential collaborators.

This booklet is not intended to be a turnkey template. Although it provides a clear reference framework and
a set of functional strategies for developing a CSME, it also intends to leave a considerable space for liberty for
bottom-up initiatives, capable of responding to specific contextual needs and of making intelligent use of local
resources.
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Part I:
Organisational Framework for a CSME

Strategic Work Areas for Developing a CSME

This part of the booklet offers an organisational framework for a CSME, based on seven strategic work areas:

¢ Involving the Community

* Providing Teacher Professional Development
* Creating and Promoting Teacher Networks

* Giving Teachers Access to Resources

* Cooperating with Other CSMEs

* Programme Assessment

* Programme Management

Strategic Work Areas

Giving Teachers Access
to Resources:

Creating and Promoting
Teacher Networks:

Provide all teachers with the logistical,
scientific, pedagogical and didactic
support necessary for teaching inquiry-
based science and/or maths.

Motivate and mobilise teachers to work
together (and with other professionals) to
build collective expertise in science and/or
maths education.

Programme Assessment:

Teacher Professional
Development:

Offer formative assessment tools for General Objective:

assessing both teaching practices
and student learning. Measure the
programme’s impact on classroom
practices.

Implement inquiry-based
science and/or maths education
in the classroom.

Develop and improve teachers’ skills
in teaching inquiry-based science
and/or maths.

Programme Involving

Management: the Community:
Determine and implement the Obtain support from local and national
programme’s priorities. authorities and decision-makers to ensure
Plan, develop, evaluate, and adapt the the project’s viability.
programme’s actions within its different Identify, articulate and systematise the
dimensions. competences of the local community that

Make sure that the programme runs well can support the work done in the class-
on a day-to-day basis and is coordinated rooms and the schools.
with all its partners.

Each strategic area includes a main objective and a list of specific objectives. When reading the specific objec-
tives, keep in mind that:

 some specific objectives may be more relevant in some contexts than in others: including them or
not within the programme is a decision for each CSME to take according to local needs and to the
resources it can mobilise;




not all the specific objectives can be tackled simultaneously. Each CSME must assess its particular
contextual priorities and concentrate on a number of objectives that it can reasonably work on.

For each specific objective, some theoretical background and/or a rationale is provided. In some cases, where it
is useful, a list of key actions that can be undertaken to reach this specific objective is provided. References to
detailed real-life examples of successful initiatives undertaken by members of the Fibonacci Project, described
in Part Il of this booklet, are provided where relevant.

Finally, for each strategic area, some lessons from practice are provided. They are aimed to prevent actors from
making the most current beginner mistakes that others have made before them.

Main Objectives:

Obtain support from local and national authorities, from potential funders, and from community
representatives to ensure the project’s viability.

Identify, articulate and systematise the competences of the local community that can support the
work done in classrooms.

Specific Objectives:

Raise awareness among key leaders of the importance of setting up or developing a CSME,
and of the benefits that the involvement in the programme can bring to their entities.
Mobilise the leaders into acquiring formal commitments with the programme.

Promote regularly the actions of the CSME.

Create original forms of local partnership.

Give teachers the means to benefit from local partnerships.

An educational initiative such as establishing a CSME is necessarily inscribed in a specific local context (either
at a neighbourhood, city, or district level). This context must be carefully examined and associated to the CSME
through creative local partnerships. Local partners are crucial because they provide different types of support to
the CSME as well as contributing to opening the school to its environment by linking science and mathematics
activities with daily life situations and professional contexts*.

Partners can be academic or municipal authorities, academic or scientific, public or private organisations
(universities, museums, research centres or laboratories, enterprises, businesses, industry, associations, cultural
centres, etc.), and/or individuals concerned with sciences and/or mathematics (i.e. the pupils’ parents).

As soon as the project starts, it is important to identify and inform local organisations that are likely to directly
or indirectly contribute to the project. This means analysing each actor’s interests and the role they could play in
the project, as well as understanding how the project can meet each of their needs and interests. Getting input
from such groups early on in the programme will ensure they take ownership of the programme objectives. This
is vital in ensuring longer term sustainability of the programme and embedding its actions into the larger educa-
tion system long after the programme is complete.

For a wider discussion on the importance of community involvement, see the presentations made at the Pollen project final
conference, New milestones for inquiry-based science education in primary schools in Europe, Panel 2: Community participation and
support for dissemination. http://www.pollen-europa.net/?page=8sam2hdh4%2Bw%3D.



Key actions for raising awareness among key leaders:

Identify the local educational authorities and other entities such as museums, companies,

associations, cultural centres, etc., that would be useful to involve in the programme.

Identify those entities’ priorities and interests and specify the role they could play in the

programme.

Contact the leaders of these institutions.

Raise awareness among these leaders of how useful it would be to create or develop a CSME by:
forwarding them a description of the project, presented and argued according to the specific
interests of their entity;
contacting each leader individually and soliciting their support and commitment.

Organise a kick-off meeting among all the entities concerned in order to clarify their respective

roles and commitments.

Mobilising the leaders implies creating the spaces necessary to involve them actively in the steering of the CSME
initiative, and formalising each entity’s commitment to the CSME through signed agreements.

Key actions for mobilising the leaders:

Identify possible commitments of each of the institutions concerned.

Involve the leaders in determining the specific objectives of the programme or of a particular
project.

Formalise their commitments to the project through signed, formal agreements that specify the
duties of each part.

Establish decision-making bodies, such as a community board in order to allow an active involve-
ment of each institution in the project’s orientations.

Hold reqgular institutional meetings

Promoting the actions of the CSME is crucial for keeping the partner institutions interested and actively involved
in the initiative. Since measurable results may take some time to come in on these types of projects, it is crucial
to find alternative ways to show the partners that progress is being made and that their efforts are worthwhile.

Key actions for promoting the CSME:

Develop a brochure describing the programme or a specific project.

Send regular reports and annual reports concerning the actions of the CSME.

Send the productions of the CSME to all partners and discuss them at the meetings.

Invite the leaders into the classrooms where teachers are already implementing an inquiry-based
pedagogy.

Participate at the events organised by the partners.
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Creating original forms of local partnership

As soon as a particular project begins, local scientific and cultural organisations should be involved. Partnerships
with scientific institutions are highly recommended.

(e W

Key actions for creating original forms of local partnership:

° Set up a community board and invite representatives of the interested organisations to inform
them and mobilise them around school initiatives.

° Get science and mathematics higher-learning institutions involved in classroom support activities.

* Encourage teachers to organise cultural activities related to the subject being taught in class (for
example, plan a visit to a mill during the module on gears).

° Encourage parents to participate in the activities of the CSME and share their know-how.

° Organise actions between partners.

° Promote the programme within the community.

* Organise meetings with local partners to determine the results they expect from the programme.

* Talk to the national science promotional organisation and ask for their support, particularly in
promoting the programme and disseminating its findings.

 Even after the programme has started, always keep an eye on new possible partners.

J
~

(I'he “TuWaS!” project of the Freie Universitdt Berlin runs on the basis of animpressive local network involving
many different types of partners from the private and public domains who each contribute in a different and
creative manner to the success of the project. See the centre profile “Weaving a strong support network to
develop and expand a centre for inquiry-based science education” for details — page 41

For more examples of original forms of local partnership with public entities, see the centre profile "A CPD
strategy based on in-class support, tutoring, and formal training” from the Ecole de Mines de Nantes.
— page 32

Finally, for an example of how community involvement can help to start science centres with very low finan-
cial support, see the centre profile “Implementing inquiry-based science education with a low budget and
Qigh community involvement”, from the University of Belgrade. — page 48 )

Providing teachers with the means to benefit from local partnerships

Creating local partnerships will not work if teachers are neither informed about them nor provided with the
means to benefit from them.

(e ™

Key actions for providing teachers with the means to benefit from local partnerships:

¢ Inform schools about the human and material resources made available by local partners that
could help them in their science projects.

° Organise targeted meetings between schools and partners.

* Initiate specific projects involving specific schools and partners (i.e., get partners to support
teachers in the production of educational resources, get partners to co-organise or co-host public
events such as forums, science/math fairs, science/math challenges with schools, etc.). )

\_
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Wherever possible, involve synergistic organisations and networks who do similar work, so as not to
push the programme in as something totally “new”, but as something that links in effectively with
their infrastructure.

Make the programme’s objectives very clear to the interested parties.

Make it clear to the community leaders that when implementing educational projects, it may take
some time before measurable results are attained. Equip yourself with arguments to convince them
that in spite of this delay, their commitment to the project is worthwhile for their entity.

In order for potential partners to be receptive to requests, the project has to be sufficiently clear and
complete. Otherwise, potential partners may not clearly perceive how they can getinvolved in the
project and what role they can assume.

Quite often, setting up a CSME is an initiative of a small group of people. As the ideas develop,
make sure that the potential partners are actively involved in project design. The original group that
initiates the proposal should gradually increase in number in order for the programme to have real
chances of success.

Involving the community in the initiative can help to overcome a lack of financial support in the start-
up phase.

Strong support from the Ministry of Education is crucial for a CSME initiative to be sustainable.
Material and logistic support by local authorities is essential, and it is also a key to sustainability.

Main Objective:

To develop and improve teachers’ skills in teaching inquiry-based science and/or mathematics.

Specific Objectives:

Diagnose teachers’ CPD needs.

Establish a 3-6 year professional development plan.

Organise training sessions on inquiry-based science and/or mathematics teaching that respond to
teachers’ specific training needs.

Create networks of resource teachers to promote peer support and to facilitate the communica-
tion among teachers and the CSME.

Provide teachers with scientific support from science and/or mathematics students, researchers
or engineers.

Teacher Continuing Professional Development (CPD) is a vital tool in changing teaching practices. It is a process
consisting of actions allowing in-service teachers to gradually improve and master their teaching®. Inquiry-
based education, in particular, requires students to become independent learners. In order for this to happen,
teachers must develop new relationships with their students and acquire the confidence to allow students to
develop their own ideas®. Teacher CPD may include several types of activities such as formal training sessions or
workshops, coaching from other more experienced teachers or from education researchers, scientific support
from science and/or engineering students, co-teaching, or conducting individual or collective action research on

Uwamariya, A. and J. Mukamuerera. J.,2005. Le concept de “développement professionnel”: approches théoriques. Revue des sciences
de I'éducation, 31(1), pp. 135-55.

Harlen, W. and J. Allende, eds., 2009. Report of the Working Group on Teacher Professional Development in Pre-secondary School
Inquiry-based Science Education. Santiago, Chile: IAP.



their own practice. All of these activities are complementary and must be organised into a coherent, long-term,
and progressive CPD plan that takes into account the specific needs of each group of teachers.

Before designing a CPD programme, it is useful to diagnose the state of science teaching practices of a partic-
ular group of teachers, in order to obtain information on the main difficulties they are encountering in the class-
room. Within a CPD programme already in place, it may be useful to obtain information on the impact of a
particular set of CPD actions, in order to eventually reconfigure CPD efforts if need be; it may also be interesting
to see whether classroom practices of a particular group of teachers are improving as they acquire inquiry-based
teaching experience.

There are several ways to diagnose teachers’ CPD needs. One option is to conduct interviews or surveys among
the teachers concerned. Even though it is important to take teachers’ expectations into account, this may not
be enough, particularly if they are completely new to inquiry-based teaching and thus do not have the elements
to assess their own teaching in the light of this particular teaching model.

A Diagnostic Tool for CPD Providers in inquiry-based science education was developed within the Fibonacci
project. The tool is available within the Fibonacci Companion Resource Booklet “Tools for Enhancing Inquiry
in Science Education”’.

Relating the content of a CPD plan to local and national needs is essential, so taking the time to diagnose those
needs, as described in the previous section, is very important. But there are several other important criteria to
take into account when designing a CPD plan:

Time-related criteria: several studies indicate that a significant amount of professional develop-
ment time is needed for teachers to change their teaching practices in a lasting way. Supovitz &
Turner® found that 80 hours of CPD activities were needed before positive changes could be observed
in teaching practices. Changing teaching practices is a slow process, so these 80 hours of CPD should
be distributed across a three-year period.

Form-related criteria: both Ratcliffe et al.” and Delclaux & Saltiel have attributed the positive
impact of a Teacher Professional Development Programme to the inclusion of support provided

to teachers inside their classroom within the CPD programme. This does not mean that a CPD
programme based exclusively on in-class support is sufficient: a mixture of school-based and centre-
based training appears as the most valuable approach.

Content-related criteria: the initial focus of CPD should be on developing science and knowledge
skills. It is important to maximise opportunities for teachers to practise new ideas by covering a

wide range of topics. Teachers need to be given practical activities that will work with their pupils at
the correct level. Persuading them to try the first practical activities in class is essential in triggering
pupils’ enthusiasm?.

All Fibonacci Resource Booklets are available, free of charge, on the Fibonacci website, within the Resources section.

Supovitz, J.A., and Turner, H.M., 2000. The Effects of Professional Development on Science Teaching Practices and Classroom Culture.
International Journal of Science Education 37(9), pp. 963-80.

Ratcliffe, M., Redmore, C., Aldridge, C., Hurren, C., and Miranda, S., 2010. Impact of Professional Development on a National Scale:
The national network of science learning centres. In Contemporary science education research: Pre-service and in-service teacher
education, eds. Tasar, M.F., and Cakmakci, G., pp. 295-302. Ankara, Turkey: Pegem Akademi.

Delclaux, M. And Saltiel, E., 2011. An Evaluation of Local Teacher Support Strategies for the Implementation of ilnquiry-based Science
Education in French Primary Schools. Education 3(13)

Jarvis, T., Pell A. & Hingley P., 2011 Variations in Primary Teachers’ Responses and Development during Three Major Science In-service
Programmes. Journal for the Centre for European Policy Studies Vol 1, pp. 67-91.
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Checklist for establishing a CPD plan:

* Does the CPD plan last at least three years?

 Does itinclude at least 80 hours of CPD activities?

¢ Does it include both in-class support activities and centre-based training?

° Does it include different levels of mastery of inquiry-based science and/or mathematics teaching
(beginner to autonomous) and a clear progression from one level to the next?

¢ Is the CPD plan realistic in terms of available resources and the available pool of trainers?

* Does it rely on teacher networks to support CPD dynamics?

- ¢ Does it include an assessment strategy? )

(A three-year CPD plan can consist of many types of activities. See two very different ways of designing D
structured CPD plan according to local needs and available resources and by comparing the following centre
profiles:

» “A CPD strategy based on in-class support, tutoring, and formal training” from the Ecole de Mines
de Nantes. — page 32

° “Implementing a long-term CPD credited course in inquiry-based science education”, from the
University of Trnava. — page 35

Nevertheless, in some cases, CPD can also be successfully administered by responding to the punctual needs
of the teachers, for example, learning how to use a particular teaching kit. See the following centre profiles
for details:

* “Networking among Centres for Educational Resources”, from the University College South
Denmark, for an example of this form of CPD. — page 38

» “Concepts on resources and materials for secondary schools within a physics museum”, from the

\_ Université Libre de Bruxelles. — page 45 )

Organising workshops and training sessions

At the beginning of a project, a training session of two or three days is fundamental in order to provide teachers
with the basic knowledge needed to understand what inquiry-based science and/or mathematics teaching is
about. Itis also important to provide teachers with concrete examples of the benefits of inquiry-based teaching,
in order to motivate them to engage and commit to changing their teaching practices.

Later on in the CPD programme, shorter training sessions or workshops on more specific aspects of inquiry-
based teaching, or on particular science or mathematics content that teachers are having trouble with, may be

organised.
\

(For examples of possible contents of the training sessions within a structured CPD plan, see the following
CSME profiles:

» “A CPD strategy based on in-class support, tutoring, and formal training” from the Ecole de Mines
de Nantes. — page 32
° “Implementing a long-term CPD credited course in inquiry-based science education”, from the
K University of Trnava. — page 35 j




One of the most recurrent obstacles to teaching inquiry-based science in primary schools, where teachers are
most often generalists who have to teach all subjects to their students, is a teacher’s weaker knowledge of
science. Research has shown that primary school teachers are considerably less confident about their knowledge
in science than about their knowledge of other curricular subjects such as reading and mathematics®2.

Providing teachers with scientific support from science students, science researchers, or engineers, can be a
good way to support teachers in becoming more familiar with scientific content and overcoming their appre-
hensions about teaching science®. This form of teacher support is effective, provided that it is carefully planned
and coordinated by the CSME. Students and scientists themselves must be trained before going into the class-
rooms. A training session, regrouping the supporting students/scientists and teachers who will receive their
support, is essential. Such a workshop is the opportunity to make clear the role of the supporter in the class-
room. However, the supporter must never replace the teacher, who will continue to conduct his/her sessions
normally. The supporteris there to help the teacher to understand better the scientific contents he/she will work
on with the students and to help him/her to make authentic scientific inquiry happen in the classroom. During
the workshop, each teacher and his/her supporter can work out the best way to work together according to the
teacher’s particular needs and the supporter’s availability.

For an example of how scientific support can be planned and organised, and for a detailed description of the
roles of the supporter, see the CSME profile “A CPD strategy based on in-class support, tutoring, and formal
training” from the Ecole de Mines de Nantes. — page 32

Peer-to-peer collaboration is a very effective support for teachers, particularly during their second year of
training, when the basic principles of inquiry-based teaching have already been acquired and teachers start
implementing them in the classroom. Peer collaboration helps teachers find solutions to the problems they
encounter whenimplementing inquiry-based teaching. It helps to improve active collaboration among teachers,
promotes communication between schools, and it favours the expansion of the project.

In order to provide peer support to teachers new to inquiry-based teaching, some CSMEs have successfully
established networks of resource teachers. Resource teachers are experienced teachers who give pedagogical
advice and support to less experienced teachers concerning inquiry-based teaching in their schools. They receive
more hours of training in inquiry-based teaching than the other teachers. Their main roles are the following:

use the CSME’s pedagogical resources in their classroom and introduce them to other teachers;
help the CSME to develop and improve pedagogical resources;

help other teachers in planning their science/math sessions and provide them with in-class support
when necessary (for example, during science sessions in which experiments will be conducted);

help the CSME to identify their colleagues’ specific training needs;

make sure that the teachers use the materials available in school for teaching science and/or mathe-
matics, and all the necessary materials for teaching inquiry-based science and/or mathematics are
available in the school grounds and up-to-date.

Harlen, W., 2008. Science as a Key Component of the Primary Curriculum: a rationale with policy implications. Perspectives on
Education 1 (Primary Science), pp. 4-18. {Online}. Available from: www.wellcome.ac.uk/perspectives. {Accessed: October 5th, 2008}.
Hvass, M.,Jasmin, D., Lagues, M.,Laporte, G., Mouahid, G., and Saltiel, E., eds., 2007. Supporting Teachers through the Involvement of
Scientists in Primary Education. Pollen Project. {Online}. Available from: http://www.pollen-europa.net/?page=24gl%2FNYrAeE%3D.
{Accessed: October 1st, 2012}.



Key actions for providing support from resource teachers:

Identify the teachers who wish to become resource teachers.

Organise a specific training session for your resource teachers.

Assign a resource teacher to each individual beginner teacher.

Create a working group of resource teachers on the adoption and implementation of pedagogical
resources.

Organise regular meetings among resource teachers in order to report on their actions, on their
colleagues’ training needs, and discuss possible courses of action.

Regularly train resource teachers in the use of new resources, so that they can present them to
their colleagues.

Involve resource teachers in the development of new resources.

When diagnosing teachers’ CPD needs, it isimportant that teachers understand that their teaching
practices are not being evaluated and that the diagnostic will not have an effect on their teaching
careers.

In some countries, because of the characteristics of the school system, teachers are not used to
having visitors and thus will not easily open up their classrooms for diagnosis nor for CPD actions.

In such situations, the diagnostic phase may be a good time to persuade teachers of the benefits of
opening up their classrooms.

Scheduling time for training over several years is an important component of a project’s success. It is
important to ensure that teachers’ superiors provide teachers with the necessary time and space to
attend the sessions.

Scheduling training sessions outside of teachers’ reqular working hours may discourage them to
attend.

If training takes place during school hours, the school must help the teachers to find replacements
for their classes.

Scientific support does not replace training, it only complements it.

Support from science or engineering students works better when the support counts as a formal part
of the students’ university course and thus is closely supervised by a university professor. Formal
agreements with universities and/or colleges are thus strongly recommended.

Iterative cycles of class experience and pedagogical debriefing brings teachers to self-efficiency.
Teachers' self-confidence, as a key to their motivation, can be enhanced through on the field support
during a limited time, with a decreasing supporting input thereafter.

A resource teacher should never take the lead during the science lessons, nor act as a specialist. This
hinders the development of the teacher’s autonomy and may produce uneasiness. The resource
teacher is there to support the teachers, not to replace them.

Support by resource teachers does not replace formal training, but rather complements it.

Raising teachers’ self-confidence is a key factor in improving their capabilities in inquiry-based
teaching.

Helping teachers to self analyse their own practice is a powerful lever in improving inquiry-based
learning.

Inquiry-based teaching requires intensive and long-term preparation of teachers, because their
concept of teaching must be redesigned.

Analysing the lessons in one particular class is a very effective training strategy, keeping in mind that
every group of children is different and needs different guidance, instruction and help.
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* Itis important to support each individual teacher in the process of developing an inquiry-based
approach to their own teaching.

* The development of units based on pilot studies in schools has a strong transmissibility both for
teachers and for trainers.

* There needs to be a balance between action and reflection (goal-directed planning and evaluation)
and autonomy and networking (analysis of own situation, support by experienced colleagues at
school or trainers) in order to set up a sustainable support system for schools.

* CPD programme development requires continuous feedback to evolve in the right direction.

Creating and Promoting Teacher Networks

(\ ™

Main Objective:

Motivate and mobilise teachers to work together (and with other professionals) and to build collective
expertise in science education.

Specific Objectives:

° Promote formative co-assessment of teaching practices.
* Promote collective theme-based projects.

° Create and promote teacher discussion groups.

.’ Involve teachers in the collective production of educational resources. Y,

A qualitative change in teaching practices requires time and depends largely on group effort. A teacher’s mid
and long-term willingness and capacity for conscious engagement in transforming their teaching, is a key factor
to ensure sustainable change. Support, exchange, and co-assessment systems enable teachers to share and
compare their practice, their thoughts, and their individual skills, and thus to consciously engage with others in
the transformation of their teaching. And, most importantly, it enables teachers to remain the primary drivers
of their own careers.

A very efficient model of large-scale teacher networking, which inspired the networking model of the Fibo-
nacci project, was developed within the German SINUS project. The model is described within the centre
profile “Teacher networks as a success factor within a large scale project”, from the University of Bayreuth.
— page 51

Promoting co-teaching and formative co-assessment of teaching practices

Encouraging teachers to teach in pairs, to prepare their lessons together, and/or to assist each others’ lessons
as observers is a good way to enhance a fruitful dialogue. Encourage them to make descriptions and analyses
of each others’ teaching practices and to produce reports for their trainers, or to discuss them within teacher
discussion groups. Recording discussions between pupils and analysing them, in order to assess their compre-
hension of the concepts being worked on, is another interesting activity to do in pairs.

The section “Assessing student learning” on page 25 of this document contains some useful strategies and refer-
ences to tools designed to promote formative co-assessment among teachers.

14 Gather Thurler M. and Bronckart, J.P., 2004. Transformer I’école. Brussels: De Boeck.
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Promoting collective projects among teachers

Proposing pedagogical, theme-based projects for teachers to do with their students is a great way to stimu-
late teacher networking. Making such a project work implies developing teaching resources that all teachers
involved in the project can use, and training the teachers to use them. Teachers can of course be involved in the
whole process. Be sure to build the project around a subject of real interest both to teachers and to students and
that which enables the study of a significant amount of scientific and/or mathematical concepts.

Other forms of collective projects among classes, such as science forums which expose children’s work, or
school newspapers, articles, or blogs, are good ways of getting teachers to work together in exchanging experi-
ences and know-how.

Greenwave is a pedagogical, theme-based project that brings teachers and classrooms from all around
Europe together. The Serbian science centre participated actively in this project. See the centre profile
“Implementing inquiry-based science education with low budget and high community involvement”, from
the University of Belgrade, for details. — page 48

Creating and promoting teacher discussion groups

Teacher discussion groups can be very efficient learning networks. These can be organised between primary and
secondary teachers from the same school, or among teachers from different schools.

Various activities can be planned within the discussion groups. Plan some time for preparing teaching sequences
and analysing classroom practices (see section on co-teaching and co-assessment). From time to time, consider
inviting other professionals, such as psychologists or teacher trainers, to join teachers in this activity.

Inviting scientists and/or mathematicians to the discussion groups will allow teachers to deepen the study of
specific themes of interest. Also consider inviting other professionals who are capable of enriching knowledge
on particular subjects (businessmen, artisans, associations, museums, labs, etc.).

Teacher discussion groups can also help identify teachers’ needs in terms of pedagogical resources (sequences
on particular subjects of local interest, tools for assessing both student and teacher learning, etc.). Be sure to
recognise, share, and promote the work of these groups.

Involving teachers in the collective production of educational resources

Set up resource production groups (adoption and use, or adaptation and improvement of modules and
sequences).

Developing pedagogical resources involves a great deal of testing inside the classroom. You can involve teachers
in testing these resources in their classrooms with their students.

Danish teachers share their teaching units through a web-page. See the centre profile “"Networking among
Centres for Educational Resources”, from the University College South Denmark, for details. — page 38

Lessons from practice

* Itis important to recognise the work done by teachers within teacher networks as an integral part
of the time devoted to professional development. Official recognition of the value of this time
spent with peers is essential to keep up teachers’ motivation and to ensure the success of teacher
networks.

* Creating a community of practice makes the inquiry-based approach easier to implement.

* Working in a community of practice strongly improves the whole efficiency of the CPD process.



Participating in open class visits creates natural cooperation among in-service teachers.

Common goals including freedom for individual adaptations lead to high acceptance of proposals for
change.

Teachers should be respected as experts of teaching and learning.

Good practice cannot be cloned, but exchange of experiences on a personal level supports learning
and innovation.

Teacher networks offer goal-oriented exchange processes among teachers, which supports profes-
sional development of teachers (i.e. fresh ideas for classroom teaching, inter-disciplinary cooperation
in schools).

Teacher networks can create a culture of trust, raise self-esteem, encourage teachers to take risks,
and upgrade inquiry-based teaching at school.

Main Objective:

Provide all teachers with the logistical support and with the resources necessary for teaching inquiry-
based science and/or mathematics.

Specific Objectives:

Diagnose the needs for resources and establish a loan system.
Monitor the use of resources.
Diversify, actualise, and improve the resources.

Changing a teaching strategy implies changing and adapting the resources previously used in the classroom.
Inquiry-based teaching requires children to become independent learners. Thus, they will be required to:

do a great deal of hands-on activities: this implies having enough materials available in the classroom
for each child or each small group of children to carry out experiments or make observations on the
particular subject that will be studied;

do a good deal of bibliographical research: this implies children having access to books or magazines
on the subjects taught.

Teachers, on the other hand, will also need teaching guides and modules that propose activities especially
conceived for inquiry-based teaching.

Giving teachers easy access to the resources necessary for inquiry-based teaching is fundamental (although
not wholly sufficient) for inquiry to happen in the classrooms. Without the resources, setting up an inquiry-
based activity becomes so burdensome for teachers that discouragement is very likely to follow. Giving teachers
access to these resources requires substantial planning and monitoring from the CSME.

Some projects, such as La main a la pate in France, have developed a great deal of inquiry-based science
teaching resources which are free of translation fees, provided an agreement is signed with the project. In
Serbia, a science centre was started with practically no financial support thanks to this possibility. See the
centre profile “Implementing inquiry-based science education with low budget and high community involve-
ment”, from the University of Belgrade, for details of how this might be done. — page 48

Other projects, such as SINUS, have translated a selection of their resources to English and made them avail-
able for free on the Internet. See the centre profile “Teacher networks as a success factor within a large scale
project”, from the University of Bayreuth, for details. — page 51
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Diagnosing the needs for resources

In order to decide what resources to buy, adapt, or develop, the CSME must take several factors into account:
what resources are already available for teachers to use, both inside and outside the school? Can these mate-
rials be adapted for inquiry-based teaching? What are the teachers’ wishes in terms of subjects to be studied? A
careful diagnosis is required.

(« ™

Key actions for diagnosing the needs for resources:

* Make an inventory of the resources already available in each school, in the district area, and at
the CSME.
* ldentify teachers’ needs and wishes for resources (materials and modules).
* Build with the teachers a programme of subjects to be studied during the school year and identify
the resources needed to teach these subjects. If you are starting from zero, consider planning
N resources for only 2 or 3 subjects. )

~

(I'he Belgium science centre has found that the needs for resources in primary schools are very different from
the needs for resources in secondary schools and thus have developed resources adapted to the latter. See
the centre profile “"Concepts on resources and materials for secondary schools within a physics museum”,
from the Université Libre de Bruxelles. — page 45 )

N\

Establishing a loan system

Once the first resources are acquired by the CSME, a loan system must be set up and teachers must be informed
of its existence. An interesting option for organising the loan of teaching resources is organising them inside
boxes containing the teaching module, as well as all the materials needed for teaching that particular subject.

In order to choose the subjects for which teaching kits will be elaborated, create a study schedule for every
academic year. When scheduling, keep in mind the following points:

* the themes chosen should refer to the regional and national curriculg;

* every year is composed of periods of about seven weeks between each school holiday; this provides
an opportunity to identify major scientific and/or mathematics themes per year throughout the
pupils’ education.

Involving the teachers and the academic coordinators in the process of choosing the subjects for which the
teaching kits will be elaborated is crucial.

~

Key actions for establishing a loan system:

* Produce a complete list of resources available either for borrowing or for on-site consultation
(at the CSME, in other entities at the district level, and within each school).
* Establish a loan system with clear rules and produce a document describing them.
° Make the list of available resources and the document describing the terms of the loan system
available to the teachers.
% J

Monitoring the use of resources

To fully optimise loaning of the kits to schools, a rotation schedule can be established and sent to teachers at
the beginning of each school-year. The schedule indicates the period at which every subject can be tackled, and
specifies the dates during which materials can be borrowed and returned.




21

“w~

AV,

In order to help you keep track of refurbishing needs, consider including a tracking sheet within each teaching
kit that teachers can use at the end of every period to mark materials that are missing. Estimate the annual
refurbishing budget for the kits at about 10% of the total cost of the materials.

The tracking sheet may also be used by the teachers to write their comments concerning the use of the mate-
rials. This will help the CSME to improve the contents of the kits. Also consider asking the schools for feedback
on their experiences with the logistics of resource loaning.

Lessons from practice

* It is essential to involve the teachers in elaborating the programmes of the subjects to be studied and
in choosing the modules and the materials that will be used.

* When fabricating teaching kits, it is important to anticipate and plan for the time needed to put them
together. It is difficult to gauge how much time is required because it may vary considerably from kit
to kit, according to the subject of the module.

* Cost can be lowered considerably by encouraging teachers to use low-cost materials that are easily
available to children at school and at home. Work with teachers to adapt them to their particular needs.

* Primary and secondary schools need different tools for implementing inquiry-based teaching
because their time and task management is completely different.

¢ Units and didactic materials have to match the local curriculum.

* Familiar and ready to use equipment encourages teachers to take a first step.

Cooperating with Other CSMEs*

G/Iain Objective: ‘

To cooperate with other CSMEs in order to learn from them and to disseminate the actions of the CSME.

Specific Objectives:
¢ Establishing twinning partners.
¢ Visiting the partner on the field.
\ - b

Learning from others is a fundamental component in the development of a CSME.

“Twinning” is a form of close cooperation between an experienced CSME and a CSME with little experience. This
cooperation may involve trying out different approaches to teaching and to training together, training teachers
together, building common teacher networks and learning communities, doing research together, developing
assessment tools and methods, or even exchanging ideas on how to introduce inquiry-based approaches in pre-
service teacher education.

Twinning has clear benefits both for the more experienced and the less experienced CSME. On the one hand,
for the less experienced CSME, twinning can lead to an acceleration of the process of acquiring expertise in all
the strategic work areas, as well as gaining access to recent research on inquiry-based teaching and learning.
The more experienced CSME, on the other hand, learns how to better promote and implement inquiry-based
education and to disseminate the outcomes of what it has already accomplished. Twinning is a win-win situation
for both centres.

15 This section is based on the results of the external evaluation of the Fibonacci Project, carried out by Magda Kirsch and Yves Beernaert
of Educonsult.




Twinning can be a very efficient and effective strategy provided that it is built on structured cooperation over a
time period of approximately two years, and that some basic rules are observed which structure this coopera-
tion.

In the preliminary phase, before making the cooperation official, the following factors are crucial:

Similar visions on mathematics and/or science education in general and on inquiry-based science
education or inquiry-based mathematics education in particular are key factors of constructive and
synergetic cooperation. Thus, an exchange on the visions between the two partners is essential.
Defining and analysing the strengths and needs of each partner is fundamental, because it sets both
the terms and foundations for a successful cooperation. A field visit to each centre is an interesting
source of information for achieving this diagnosis together.

The terms of the cooperation should be formally expressed in a document which clarifies the respon-
sibilities and the duties of each centre, describes the activities to be carried out (field visits, work-
shops, support in setting a community board, exchange of tools or pedagogical material, etc.), sets
clear deadlines, and provides financial information.

The costs of the cooperation between the two centres should be very clear from the beginning and both centres
must make sure that all the activities planned are funded. On-going formative evaluation during the period of
cooperation, as well as summative evaluation at the end, are key elements in efficient and effective coopera-
tion. Regular communication between the centres is crucial.

Disseminating the results of the cooperation contributes greatly to evaluating what has been achieved. Thus
the outcomes will also be beneficial for other organisations. Local, regional and national authorities should
be informed that twinning can contribute to policy making and possibly to enhancing the mainstreaming of
inquiry-based science and mathematics education in many more schools.

The TuWaS! project of the Freie Universitat Berlin is an inspiring example of the multiple benefits of twin-
ning, both for the experienced and the less experienced partner. See the centre profile *“Weaving a strong
support network to develop and expand a centre for inquiry-based science education” for details. — page 41

Annex 1 provides a list of potential twinning partners and their specialities. — page 62

Field visits are an excellent way to find out whether or not collaboration between two CSMEs could be benefi-
cial. They can also be the first step in a cooperation that has already been made official. The advantage of a field
visit is that several members of one CSME can jointly visit the other CSME. This stimulates cross-fertilisation and
networking. Provided that they are well planned and organised, field visits can turn out to be real peer learning
activities.

The programme of a field visit should be the result of joint reflection and preparation of the guests and the
hosts. A three-day field visit by a beginner CSME to an experienced CSME could include the following elements:

a thorough briefing on what inquiry-based science and/or mathematics education stands for;
visits to classrooms to show inquiry-based teaching is being implemented;

attending a training session given to teachers in the framework of CPD, and possibly a session of a
course for future teachers in the framework of pre-service teacher education;

visitors should have the opportunity to discuss and reflect with teachers, principals, pupils, future
teachers and their educators after attending a lesson or a training session;



meetings with the community board members and other key stakeholders supporting the CSME
initiative, with a focus on sustainability and mainstreaming;

a presentation of the work done by the visiting CSME;

a discussion on how the cooperation between the two CSMEs could be organised and on the terms of
this cooperation;

a short evaluation session with regard to the benefits of a possible cooperation between the CSMEs.

If the CSMEs are in two different countries, then before the field visit all visitors should be given background
information on the community board, the country’s educational system, and the state of inquiry-based science
and/or mathematics education. Also, before the visit, the visiting CSME should inform its host of the actions
that it has already undertaken and of the areas in which it wants to improve, so that its host can address these
specific issues during the field visit.

When organising a field visit, it is crucial to have a good balance between theory, practice, reflection, and
in-depth exchanges between all the participants. Hands-on activities are particularly important because they
allow the participants to experience what inquiry-based learning is all about, thus providing a solid ground for
reflection and theorisation.

Main Objective:

Measure the programme’s impact on classroom practices by assessing processes, teaching practices,
and student learning.

Specific Objectives:

Doing both formative and summative assessment.
Assessing the programme’s processes.

Assessing teaching practices.

Assessing student learning.

Programme assessment is a process that involves collecting data in a systematic way, interpreting it as evidence
of how well a set of objectives has been reached, and using that information to help further progress. Planning
any sort of assessment implies strictly defining the following four aspects®®:

A conceptual framework: what exactly is to be evaluated (i.e., a particular process, inquiry-based
teaching, inquiry-based learning, a particular form of knowledge, a particular skill)?

The objectives to be evaluated: what exactly does optimal performance look like in this particular
case?

A selection of data sources (i.e. an activity, a set of questions, the pupils’ notebooks, an observation,
etc.) and a set of tools to organise the data (i.e. charts, forms).

A set of criteria for interpreting the results of the evaluation (i.e. defining the levels of performance)
in order to draw conclusions from it (i.e. identifying what needs to be improved).

Shavelson, R., Ruiz-Primo, M.A., Li, M., and Cuauhtemoc, C., 2003. Evaluating New Approaches to Assessing Learning. National Centre
for Research on Evaluation, Standard and Student Testing. Los Angeles: California University. See also NRC, 2001. Knowing What
Students Know: the science and design of educational assessment. Washington D.C.: NAP.



In setting up and developing a CSME, assessment is crucial because it helps to improve its organisation, its
work with teachers, and teachers’ work with pupils. At least three dimensions of the work of a CSME must be
assessed:

the process put into place to reach an objective;
the actual changes in the teaching practices;
student learning.

Assessing each of these different dimensions pertains to different assessment methods, objectives, and tools.
Nevertheless, before proceeding in measuring the programme’s impact on pupils’ learning, it is crucial to deter-
mine whether or not the implementation of the programme complies with the model. In other words, student
learning must be assessed only after having assessed the programme’s processes and the teaching practices.
Only after it becomes apparent that inquiry-based learning has been an integral part of the pupils’ practice for a
sufficient amount of time can you assess the outcome of what they have learned. Otherwise, you run the risk of
drawing the wrong empirical conclusions, which can lead to faulty decision-making®.

Moreover, two types of assessment—formative and summative—should be considered for each of these
dimensions. The main difference among these two types of assessment is their purpose: formative assessment
implies using the evidence collected in order to obtain information about the process in question and improve
it; summative assessment, on the other hand, implies using the evidence collected in order to measure the
results obtained during a particular process and report on it to individuals or groups for accountability. There is
no method of assessment that is inherently “formative” or “summative”.

Assessing CPD actions is most efficiently done by observing teaching practices in the classroom, in order to
identify the aspects of inquiry-based learning that are being implemented well, and those where attention is
needed. For this purpose, an observation grid with a set of indicators for judging on the implementation of
inquiry-based learning is necessary.

The Diagnostic Tool for CPD Providers, developed by a group of Fibonacci partners, was designed to assess
CPD actions. The tool is available within the Fibonacci Companion Resource Booklet “Tools for Enhancing
Inquiry in Science Education” 8.

Stimulating reflection on the teaching and learning that has taken place in a particular session raises awareness
of relevant aspects of pupils’ work that may otherwise go unnoticed and not given the attention they deserve.
However, it is important to help teachers identify the aspects of teaching and learning which are relevant to
reflect on, particularly when they are new to inquiry-based teaching. A special tool was designed for this purpose
within the Fibonacci project (see the example box). Keeping a portfolio throughout the project is another way of
encouraging teachers to continually reflect on their teaching®.

IAP, 2006. Report of the Working Group on International Collaboration in the Evaluation of Inquiry-based Science Education (IBSE)
programs. Santiago, Chile: Fundacion para Estudios Biomédicos Avanzados. {Online}. Available from: http://www.ianas.org/meetings_
education/me {Accessed: October 1st, 2012}. eting55.html. {Accessed: October 1st, 2012}.

All Fibonacci Resource Booklets are available, free of charge, on the Fibonacci website, within the Resources section.

For ideas of how this might be done, see Harland, T., 2005. Developing a Portfolio to Promote Authentic Enquiry in Teacher Education.
Teaching in Higher Education, Vol. 10(3), pp. 327-337.



A Self-Reflection Tool for Teachers, which provides a list of criteria expressed as questions that teachers
can ask themselves about a sequence of science activities which were intended to enable pupils to learn
through inquiry, was designed by partners of the Fibonacci project. The tool is available within the Fibonacci
Companion Resource Booklet “Tools for Enhancing Inquiry in Science Education”.

Formative assessment of student learning
Formative assessment is integral to inquiry-based teaching and learning. Using formative assessment ensures
that students have the kinds of opportunities needed for real understanding.

Teachers using formative assessment:

are clear about the goals of their work and the criteria of quality to be used in judging where pupils
are in relation to the goals;

communicate these goals and criteria effectively to pupils;

observe and question pupils and use their reports and artefacts to gather information about on-going
learning;

interpret this information, identify progress and the next steps;

give feedback to pupils and use it to adjust teaching;

involve pupils in self and peer-assessment.

Formative assessment of student learning requires a clear definition of the teaching objectives ultimately being
sought in terms of knowledge and skills. Consequently, it is of the utmost importance to help teachers deter-
mine and adopt these objectives.

Summative assessment of student learning

What is assessed and reported in summative assessment of student learning influences what is valued and given
priority in teaching. For this reason, it is very important that summative assessment of student learning reflect
the full range of goals of inquiry-based learning in science and/or mathematics.

The data for assessing student learning can be collected in several manners, for example:

through tests, which can be either designed by the teacher, or externally designed, either internally
or externally marked;

through a summary of observations concerning the pupils, made by the teacher and judged by the
teacher;

through judgement of portfolio work selected by the teacher and/or the pupil;

through embedded tasks observed and marked by the teacher;

or through a combination of these.

The way in which the assessment information is collected influences what is assessed and reported. In order
to assess inquiry skills, it is important to create contexts that engage students’ thinking and in which they are
observing, raising questions, collecting, analysing and interpreting data, drawing conclusions, and communi-
cating their findings.

Traditional tests are not particularly adapted for assessing inquiry skills. Assessment by teachers on the basis
of the activities that the students do in class, on the contrary, can be much better adapted to the full range of
goals that characterise inquiry-based teaching. Other advantages of teacher assessment is that it can relieve the
pressure, on pupils and teachers, of terminal tests and examinations, and that it can release resources (time and

All Fibonacci Resource Booklets are available, free of charge, on the Fibonacci website, within the Resources section.

This section draws largely from Harlen, W., 2012. Student Assessment and Inquiry-based Science Education: issues in Policy and
Practice (in press).



1

other costs) for alternative use. Moreover, teachers can use the information they collect about their students
learning both for formative and summative purposes.

Nevertheless, teacher assessment also presents some disadvantages that must be compensated by training and
preparation—teachers’ judgements are not always reliable. Making reliable judgements implies having a provi-
sion of detailed, progressive criteria, and being agile in recognizing when these criteria are being met in practice
by the students. Some suggestions for increasing the reliability of assessment by teachers are presented in the
“Key actions” box.

Key actions for assessing student learning:

Encourage assessment by teachers on the basis of activities that students do in class, over tradi-

tional testing.

Organise seminars and discussion groups on assessment of inquiry-based teaching.

Work closely with the teachers in order to increase the reliability of their assessment, by:
helping them determine a set of moderation procedures;
providing teachers with, or helping them to build, a set of detailed, progressive criteria;
exemplifying judgement-making on each particular criteria by presenting teachers with
concrete examples taken from practice with children;
organising group discussions of assessed work among teachers;
organising standardised tasks or short tests in order for teachers to cross-check their
judgements.

The University of Ljubljana in Slovenia, has largely reflected on the assessment of student learning in
inquiry-based science education. It has developed tools for this purpose, and it has conducted evaluations
which have produced interesting conclusions. See the centre profile “"Needs of teachers are central, but eval-
uation and assessment are equally important” for details. — page 57.

Evaluation of teaching practice in direct link with the curriculum has a large influence on teaching.
Teachers are at the heart of a reform, but teaching is only the beginning. Evaluation and assessment
of pupils’ learning are equally important. Providing teachers with tools for evaluation and assessment
on the progress of their pupils is crucial for the success of implementing inquiry-based education.
Summative assessment of pupils’ learning determines teaching.

Evaluation and research needs to be orientated towards an iterative connection between an interest
to gain new knowledge and a developmental interest. A culture of self-critical and collective reflec-
tion might flourish, but reflection should not hamper the project’s implementation.



27

“w~

AV,

Managing the CSME

Main Objectives:

* Determine and implement the CSME'’s priorities.
 Plan, develop, evaluate, and adapt the CSME's actions within its different dimensions.
© Make sure that the CSME runs well on a day-to-day basis and is coordinated with all its partners.

Planning

Planning aims at anticipating the various actions and resources necessary to implement the initiatives of the
CSME, and at organizing them through time. Planning is essential to starting the initiative, and requires a
detailed and sometimes long preparation, including both reflection and contact-making. It should result in a
comprehensive and concrete document describing the operational aspects of the project. This document can
then be the basis of a future partnership agreement.

( N

Key actions concerning programme planning:

* Define the frame of the programme and its main goals.

° Establish the limits of the area of action of the CSME.

* Establish how the programme will be implemented.

* With the programme’s goals in mind, draft a three-year strategic development plan.

» Determine a list of actions for the different phases of development of the programme.

* Plan for a location to store the resources and to train the teacher trainers.

* Establish a provisional budget (number of positions, operating costs, spending for materials,
travelling, etc.)

* Produce a document containing a global description of the programme, that can be sent to
potential partners and schools.

 Present the programme to decision-makers in order to ensure their support.

° Present the programme to potential funders.

° Present the programme to other institutions and/or individuals that may be interested in getting
involved.

° Present the programme to schools and take close note of their reactions.

* On the basis of these discussions, progressively build up a collective agreement among all
partners liable to get involved in the programme.

* Sign partnership agreements with a three-year action plan. )

-

Steering the CSME

Steering the CSME or, in other words, setting its course or determining its priorities, is the task of the steering
committee.

The steering committee should include representatives from the institutions that the CSME has signed formal
agreements with. It has decision-making power and controls the projects’ set-up. It monitors and steers the
projects. Its decisions concern subjects such as the number of classes that will be involved in a particular project,
the geographic areas that will be covered by the project and the budget, etc.




A detailed example of the setup, the functions and the operation of a steering committee for a regional
network, and of the national coordination of these committees, is provided by the IMST project in the centre
profile "Operating and evaluating regional networks, a project initiated by the government”, from the Alpen-
Adria Universitat Klagenfurt. — page 54.

The day-to-day coordination of a project is the task of a coordination team that may include:
a general coordinator, who is the main contact for all the partners, schools, and teachers involved in
the project;
a training coordinator, preferably a trainer from the national education administration, whose
primary role is to train the teachers and monitor the classes participating in the project;
a resources coordinator, in charge of diagnosing the teachers’ needs for resources and attending
those needs, and eventually organising the development of new resources;
an assessment coordinator, in charge of formative and summative programme assessment.

In nationwide projects it is important to create a sense of ownership from all participants and to align
expectations. This could by establishing suitable channels and tools of communication.

When setting up a centre, learning from the experience of partner projects is very important because
it speeds up the initiative’s implementation and growth. But it is advisable to adapt to local needs,
which might differ from those of experienced partners.

Responding to the needs of teachers and schools is important, otherwise it will be difficult to recruit
the teachers.

CSMEs often grow faster than expected. Thus, looking for partners to support work in the classroom
and ensuring financial support from the very beginning of the initiative, is crucial.

A small, enthusiastic group of teachers and trainers capable of giving a strong impulse to inquiry-
based teaching is crucial at the beginning of a project.

Successful and sustainable changes need long-term projects, a crucial number of participants and
high recognition and assistance from the responsible institutions.
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Part Il:
Profiles of Centres for Science and/or
Mathematics Education

Overview of CSME Profiles

Each CSME is unique. It has used specific strategies to adapt the organisational framework described in the first
part of this booklet to its country’s curriculum, school system, economic strengths, and to the specific needs
of local teachers and schools. The accounts of the paths that each CSME has followed, the difficulties it has
encountered, and the solution it has given to its problems, offer an abundance of experiences from which others
can profit.

In this second part of the booklet we present nine profiles of CSMEs that were involved in the Fibonacci project.
They give an overview of the diversity of strategies that can be implemented in the development and expansion
of a CSME. Each team presents the history of its initiative inscribed in local settings and shares experiences and
lessons learnt in the process. The CSMEs were selected in order to convey the existing diversity with respect to
the teaching subjects addressed, to the organisational framework of the centre, and to the focus on specific
strategic work areas. The profiles are thus an inspiring and lively mirror of CSMEs throughout Europe.

A short overview of the specialities of other CSMEs, all of which took part in the Fibonacci project, is presented
in ANNEX 1. It provides a pool of potential partners for collaboration.

Overview of CSME profiles presented in the following sections

— see following double page
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Speciality page

A CPD strategy based on in-class support, tutoring, and formal training 32

Target group: primary and middle school (from kindergarten to grade 9)

Subject focus: science

School education system: national

Networking/Community involvement: university, informal science laboratory/learning facilities such as
science centres, sciences forums, private schools

Financial support: governmental

Materials: made by the centre, lent to supported teachers

CPD: in-service training courses, tutoring, networking and hands-on accompaniment

Curriculum relevance: Material adapted to the National Curriculum

Evaluation: Feedback by the teachers and tutors, school visits, follow-up questionnaires

Ecole des Mines de Nantes
France

Implementing a long-term CPD credited course in inquiry-based science education 35

Target group: kindergarten, primary and lower secondary school (age 6 - 14)

Subject focus: science

School education system: national

Networking/Community involvement: district and regional network

Financial support: governmental

Material: starting package of inquiry-based science activities with materials; biology, biochemistry, chemistry
and physics for over 30 lessons

CPD: 110 hour credited CPD course

Curriculum relevance: we aim to integrate inquiry-based science education within the curricula

Evaluation: feedback from the teachers, school visits

Trnava University
Slovakia

Networking among Centres for Educational Resources 38

Target group: primary school (grades 1 to 6)

Subject focus: science

School education system: federal

Networking/Community involvement: informal science laboratory, university, foundation, companies,
Berlin—Brandenburg Academy of Sciences and Humanities

Financial support: governmental, foundation, companies, European Union, fees

Material: commercial with a teacher’s guide being lent to schools for 5 months for a fee

CPD: obligatory one day training on each of the topics

Curriculum relevance: material adapted to the Berlin curriculum

Evaluation: questionnaires and feedback by the teachers, school visits, Pollen evaluation

University College South
Denmark

Weaving a strong support network to develop and expand a centre for inquiry-based science education | 41

Target group: primary school (grades 1 to 6)

Subject focus: science

School education system: federal

Networking/Community involvement: informal science laboratory, university, foundation, companies,
Berlin—Brandenburg Academy of Sciences and Humanities

Financial support: governmental, foundation, companies, European Union, fees

Material: commercial with a teacher’s guide being lent to schools for 5 months for a fee

CPD: obligatory one day training on each of the topics

Curriculum relevance: material adapted to the Berlin curriculum

Evaluation: questionnaires and feedback by the teachers, school visits, Pollen evaluation

Freie Universitat Berlin
Germany

Concepts on resources and materials for secondary schools within a physics museum 45

Target group: pupils/students from 5 to 18 years old

Subject focus: science (focus on physics/environmental science), mathematics

School education system: federal, each community organises its own education system.
Networking/Community involvement: University of Brussels, Board of Education, Brussels Regional Council,
research centres, private companies, Physics and Chemistry Teachers Association, Royal Academy of Sciences,
Brussels Region, Brussels Environmental Agency (IBGE), pedagogical advisors, inspection, teachers

Financial support: European Union, Brussels Region, University of Brussels

Material: developed or adapted for inquiry-based science and mathematics education by the Experimentarium
CPD: training sessions organised for primary, secondary teachers and also for future teachers.

Curriculum relevance: All material fit the curriculum (we are also involved in the design of the new curriculum)
Evaluation: questionnaires, participation and feedback from the teachers after training

Experimentarium, Université
Libre de Bruxelles, Belgium
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Implementing inquiry-based science education with low budget and high community involvement 48

Target group: pre-school, primary and secondary school teachers

Subject focus: science, cross disciplinary

School education system: central

Networking/Community involvement: with other projects on inquiry-based science and mathematics educa-
tion, teachers, platforms, university, companies (school publishing house), Academy of Sciences and Arts,
Serbian Physics Society, Serbian Ministry of Education

Financial support: free of charge publication of translated books, Fibonacci project

Material: translated books, experimental kits developed by ourselves

CPD: 8 hours training per teacher on different topics

Curriculum relevance: Ministry of Education introduced optional subject called “"Hands-on-Discovery of the
world” in 2003

Evaluation: planned (questionnaires for and feedback by teachers, school visits, Fibonacci evaluation)

VINCA Institute — University of
Belgrade Serbia

Teacher networks as a success factor within in a large scale project 51

Target group: teachers (grade 5-12), teacher students, teacher educators
Subject focus: mathematics, science, technology

S School system: federal
@ Networking: regional networks in all 16 German Laender (federal states); teacher networks supervised by
& >. | moderators
EE s Financial support: Ministries of Education, companies and other sponsors, European Union
‘; € | Materials: regular textbooks, database www.sinus-transfer.de (background papers, material for teacher
z $ training, worksheets and lesson units), special booklets written by teachers for teachers,
E>3 Professional development: in-house and regional training courses, special seminars for trainers and
= moderators
- Community involvement: Ministry of Education, Regional Educational Administration, teacher associations,
parents, museums, special initiatives by companies
Curriculum relevance: National Educational Standards based on the ideas/outcomes of SINUS
Evaluation: self-evaluation by teachers, external evaluation by questionnaires and portfolios
Operating and evaluating regional networks, a project initiated by the government 54
# Target group: teachers from K- 12, as well as teacher educators
x o Subject focus: science, mathematics, technology, German
§ 4+ | School system: federal system in Austria
‘= £ | Networking/Community involvement: regional networks in all nine Austrian provinces, some district
?U + | networks and Regional Educational Competence Centres (RECC)
5 ug Financial support: governmental, companies, European Union
< ¢ | Materials: reports by teachers about teaching and learning (including learning materials)
S o Professional development: seminars, courses, facilitation and networking
z‘l * | Curriculum relevance: support of concrete practice projects of teachers

Evaluation: self-evaluation by teachers and networks and external evaluation/concomitant research
(questionnaires, interviews)

The needs of teachers are central, but evaluation and assessment are equally important 57

Target group: kindergarten and primary school (grades K to 5)

Subject focus: science

School education system: central

Networking/Community involvement: University of Ljubljana, Board of Education, primary schools, city
councils, general public, parents

Financial support: European Union, small companies, city councils

Material: developed at the Faculty of Education, lent to teachers for a week without a fee

Professional development: obligatory one afternoon training on each of the topics (minimum 3 topics per
year)

Curriculum relevance: all materials comply with Slovenian curriculum

Evaluation: questionnaires and feedback by the teachers, school visits, pupils’ assessment, Pollen and
Fibonacci evaluation

University of Ljubljana
Slovenia
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A CPD Strategy Based on In-class Support, Tutoring, and
Formal Training

Michaél Canu, Lotfi Lakehal-Ayat, Nathalie Michel, Carl Rauch, Ecole des Mines de Nantes, France

The beginning: promoting inquiry-based science education in primary schools by
providing resources and hands-on support

The initiative of the Ecole des Mines de Nantes (EMN) started in 1996, when Physics Nobel Prize winner Georges
Charpak launched the French project La main a la pate with the support of the French Ministry of Education. In
the Nantes area, 35 teachers were chosen in order to develop resources for teaching science through inquiry.
A local steering group was created with science education professors, local representatives of the Ministry of
Education (inspectors and pedagogical trainers), and scientists from EMN. During the first years of the project,
20 teaching kits in science and technology (S&T), each including a scientific protocol and all the necessary
experimental material, were built. The kits covered topics like air, electricity, light, water cycle, waste recycling,
states of water, power, germs and time measurement, etc. Teachers were supported by EMN science students
when they used the kits.

Growing up: community involvement and specialisation in CPD

This local initiative grew considerably during the following years through the inclusion of new partners:

* The City of Nantes, through its Science Resource Centre.
* AScience Pilot Centre, created in 2007 and affiliated to La main a la pate.
 The Science Faculty of the University of Nantes.

Each of these partners made a commitment to contribute to the initiative in its own way: the University of
Nantes hires students for in-class support, and the Science Resource Centre lends equipment and rooms. In
2002, the French Ministry of Education, inspired by the success of La main a la pate, introduced inquiry into the
national science curriculum for primary schools, and a few years later for middle schools. This decision led us to
change the organisation of the Nantes science centre and to broaden its goals. Focus was put on developing a
CPD strategy that would allow teachers to master inquiry-based teaching and to become self-sufficientin imple-
menting it. In 2010, our involvement in the Fibonacci project was a good opportunity to improve this strategy.

A strategy for teacher CPD

The CPD strategy is planned over a period of three years. This period of time allows the development of a
community of learning. Communication among teachers and exchange of practices take place during training
sessions by working on the same topics, and during the year through the use of a website. Working together,
sharing resources and experiences, in turn creates a community of practice in inquiry-based science education.

The CSME of Nantes provides CPD to at least 40 teachers every year (including 20 new ones each year). Thanks
to the optimisation of the organisation, the activities’ area was expanded.

We can now organise training sessions simultaneously in different parts of the Nantes region (e.g. in Nantes and
another town located 50 km away), as well as do a follow-up of the teachers on the field. The Fibonacci project
led the partners to structure their collaboration more deeply—combining resources and efforts and sharing
know-how and tasks. Moreover, discovering CPD in other Fibonacci centres was of great help in questioning our
own strategy.

Our CPD strategy comprises 3 poles:

1) In service training: Teachers attend either two (for private schools) or three (for public schools) in-service
training sessions during their first year of training, and one session during the second year. During the first
training session (1 day in October), they experience real inquiry through an adult-suited topic, but as if they were




students. This experience allows us to introduce the main features of inquiry-based education. Then they work
in small groups on ready-to-use teaching units for the class.

The second training session (in December) aims at analysing the teaching units just tested, in order to identify
in retrospect the main steps of inquiry and the difficulties encountered. Examples of written records from the
pupils are used. Finally, the teachers prepare new teaching units for the following period on the basis of less
detailed documents that lead them to a more individual reflection.

During the third training session (held in April-May), the teachers are required to give more and more personal
input. They are asked to prepare the following year’s programme with new teaching units and to define the skills
to be developed. They are also asked to identify the parts of the teaching units that they feel able to manage
without in-class support (see below under 2).

The fourth training session (in October, second year of the project) focuses on assessment of pupils’ skills. Only
at this step of the CPD process, thanks to the field experience they have acquired, teachers have become able
to face this fundamental issue which requires a comprehensive understanding of the relation between inquiry
and learning.

2)In-class scientific supportis proposedtoteachersat arate of one lesson per week. Each teacher gets support
for 12 weeks during the first year of training and for 6 weeks during the second year. The French Ministry of
Education gave the supportin science and technology for the primary school official through a national charterin
2004. This is the legal frame within which almost all the activities of our centre take place. Concretely, the volun-
teer engineering students, PhD students and scientists involved in providing scientific support help teachers to:

prepare inquiry-based science activities and resources;

carry out activities in the classroom (debate, inquire, experiment);

analyse and debrief what happened during each lesson, in order to understand which components
of scientific inquiry were well implemented and which have to be improved.

The supporting scientist should never assume the responsibility of the class, but should only make things easier
for the teacher. Thus, his/her task is compared to that of a piano accompanist with a singer. Both “accompanist”
and teacher have to build an efficient duo, which is quite a difficult task. That is why they are tutored by a senior
scientist and teacher.

3)Tutoring: Tutors are senior teachers at university level and/or teacher trainers. four of every five tutors are also
engineers or physicists working in science research departments. They are in charge of coordinating the training
sessions and the scientific support, and of assisting the teachers and the science students that accompany them.
Some teachers and most students feel quite uncomfortable at the beginning. That is why the tutor has to attend
some lessons in the classroom in order to advise both of them, and to share experience with the accompanist.
Moreover during the third year, as teachers have to implement inquiry-based teaching alone in their classrooms,
the fact that the tutor keeps in touch with them may be of the highest importance to keep them motivated.

The fundamental issue for primary school teachers is that they often start almost from scratch in S&T. Instead
of bridging the wide gap, their in-service training time will rather be optimised by training them through inquiry
about research and learning methodology. In this manner, they may become skilled in self-learning and acquire
the knowledge they need in the future by themselves.

Even motivated beginner teachers often feel they will not be able to apply inquiry-based teaching. The only way
to convince them that they are really capable is to support them on the field before, during and after a certain
number of lessons (we suppose, about 20). Thanks to the combined support of trainers, tutors and accompanists,
teachers will firstly experience some short positive teaching situations and then to integrate some fragmented
skills through a structured post-analysis. Sharing good and bad experiences with other teachers prevents them
from feeling like “the only one who fails” during this discovery step.
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It turns out that the first year of our CPD is in fact similar to basic elements of inquiry-based learning. Figure 1
compares both CPD content (in-service training + accompaniment + tutoring) with main elements of inquiry-

based methodology:

INQUIRY
Step1
Initial questioning

Step 2
Investigation

Step 3
Knowledge acquisition
and structuring

The FIRSTYEAR
Discovering inquiry and teacher’s task
Discovering first a ready-to-use teaching unit

i

Testing in the classroom with an accompanist
Lessons post-analysis with tutor and trainers
Building together/testing new teaching units

Sharing experiences with other teachers
Understanding the role of the inquiry notebook
Building skills assessment

~——

FIGURE 1: COMPARISON OF CPD CONTENTS WITH MAIN ELEMENTS OF INQUIRY-BASED METHODOLOGY

As steps 2 and 3 are iterative (3 cycles during the 2 first years), teachers progressively go into inquiry-based
teaching in greater depth and start developing self-confidence (figure 2).

Sharing practice and skills with other teachers
working on the same topics is far more effective
than speeches from trainers and tutors. This staff
role is to give tools and methods. With this aim in
view, trainers and scientists permanently assist the
teachers’ teams in analysing experiences, building
new teaching units and standing back from the
everyday activity. Working in such a community of
practice, and sharing know-how between primary
school teachers and university S&T teachers is for
both sides a highly fruitful, as well as, a win-win
strategy—the former feel comfortable with chil-
dren’s cognitive and social developments, while the
latter frequently use S&T concepts and teach trans-
versal competencies.

FIGURE 2: IMPACT OF CPD ON THE TEACHERS  SKILLS
AND SELF CONFIDENCE

So far, we have not assessed systematically the implementation of inquiry in classrooms. Nevertheless, we are
starting a reliable process. Testimonies show that the teachers appreciate working with resource people who do
not belong to schools a lot. They also highly appreciate the classroom accompaniment. The next step will be to
see whether they continue inquiry-based education beyond their CPD time.

Lessons learnt:

* Teachers’ self-confidence, as a key to their motivation, can be enhanced through on the field
support during a limited time, with a decreasing supporting input thereafter.

* Working in a community of practice strongly improves the whole efficiency of the CPD process.

* Iterative cycles of class experience and pedagogical debriefing bring teachers to self-efficiency.
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Implementing a Long-term CPD Credited Course in
Inquiry-based Science Education

Katarina Kotulakova, University of Trnava, Slovakia

Trnava University: a theoretically and practically prepared science centre

The team at Trnava University Science Centre comprises lecturers at the Faculty of Education from the chem-
istry, biology, pre-primary and primary education departments. We have a long-term history in elaborating a
constructivist approach in science education, which is the theoretical background of inquiry-based learning.
Since our institution prepares future teachers, these ideas are incorporated into their pre-service training
programme. Some of our educators were involved in the implementation of the constructivist orientated
programmes in the 1990s in lower secondary education through the FAST project (Foundational Approaches to
Science Teaching),? as well as in applying an inquiry-based approach to science teaching in primary education
through the project La main a la pate®.

The Slovak pedagogical environment is very conservative, and financial support from the government is low;
there is no positive climate for reform in education. The contents that students have to learn are very dense and
high standards have to be met. Teachers complain about having too little time for such a load and about not
having satisfactory teaching material.

Despite all these problems, we were convinced that testing the programme FAST project in Slovakia would be
very positive. FAST prepares teachers to teach science concepts with an inquiry-based approach and helps to
develop teachers’ content knowledge of physical, biological and earth science. FAST emphasises the need to
increase students’ ability to communicate what they are learning through oral reports, project work, graphing,
flow charts, and diagramming. FAST also helps students to develop thinking skills, laboratory skills, and to
increase their knowledge of the foundational concepts.

Agreement between European support and inner tension in education

An accumulation of problems with the national curriculum resulted in an educational reform in 2008. This reform
gave teachers more freedom in relation to teaching content and strengthened the goal-orientation of educa-
tion in order to gain certain competencies. But most importantly, it introduced Continuing Professional Devel-
opment (CPD) programmes for teachers. The CPD was linked to economic stimulus for the teacher. Through
this, teachers also had further motivation to attend training sessions in innovative approaches to teaching. At
that time, we were invited to join the Fibonacci project. Thanks to the previous experience, the team at Trnava
University, had quite a clear idea of how we wanted to implement inquiry-based teaching and learning in science
education.

Continuing Professional Development (CPD) and support

When we joined the Fibonacci project, a period of very intensive teacher training started. We designed a cred-
ited course of 110 lessons. In the preparation phase, we directly contacted regional authorities and headmas-
ters of schools to promote and “advertise” the approach of our CPD training courses. A set of activities with
methodological guides for kindergarten, primary and lower secondary was elaborated and used as training
material. The Fibonacci project gave us a platform to finance the courses and to provide basic material for
teachers participating in the course. The theoretical background of the programme illustrates the development
of science education and how the approaches to science education have changed in the country. It stresses the
importance of pupils’ prior knowledge (pre-conceptions and mis-conceptions) and presents the principles of
inquiry-based science education. In the practical part, the focus lies on improving the skills that teachers need

22 For an overview of the FAST project, see http://www.hawaii.edu/crdg/sections/science/documents/fasteval.pdf.

23 For an overview of the La main a la pate project, see www.fondation-lamap.org.
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for implementing inquiry-based science teaching: creating stimulating situations, improving their questioning
skills, handling and searching for suitable equipment and tools. Additionally, teachers prepare guiding material
for pupils (worksheets), and they experience inquiry by registering, analysing, and evaluating data, and finally
drawing conclusions.

The following is a list of the titles of the different sessions that make up our CPD training course:

Inquiry-based science education — theoretical introduction and main principles.

Introduction to working with pupils’ preconceptions in science.

Development of key competences through the implementation of inquiry-based science education.
“Science” as school subject within the school educational curriculum.

Inquiry-based learning in practice and theory in more detail.

Scientific communication. Oral and written forms of research reports and their significance for
science and for science education.

Conceptual changes in understanding of main targets of elementary science education in traditional
instruction and inquiry-based instruction.

Meaningful use of different kinds of tools, aids and materials to support inquiry-based science
activities.

Field work: Get to know different methods of data collection and materials

Learning through trial and error and experimenting as two different practical activities—working
with hypothesis and predictions

Short introduction on how to assess the development of science skills.

Pupils’ science notebook as a simple model of research report and its educational significance.

How to use worksheets to support the pupils’ inquiry process.

Graphs, diagrams, tables — how to use them to develop scientific thinking.

Using different kinds of secondary information sources.

Involvement of the scientific community.

The special design of our long-term course gave us the opportunity to meet teachers not only in our spaces
and in our labs, but to visit them in their classrooms and analyse the lessons they teach to their own students.
Participants on our course are also invited to observe their colleagues’ open lessons. An essential part of those
open lessons is the follow-up discussion.

Atthe beginning, inthefirstlessons of the course, the teachers are asked to use science inquiry activities designed
by the teacher trainers. Our team members developed over 30 lessons on topics of biology, biochemistry, chem-
istry and physics for training purposes for ISCED 0, 1 and 2 (kindergarten, primary and lower secondary level).
Teachers receive the material for the activities on the topics they are trained on. The topics are later taught in
in-service teachers’ classes. The trainers accompany the teachers’ activities and give them feedback. In a latter
stage of the course, having acquired more experience and interiorised the principles of inquiry-based science
education, the teachers are asked to develop their own activities.

In our experience it is very effective to analyse the lessons in one particular class, knowing that every group of
children is different and needs different guidance, instruction, and help.

We train around 80 teachers per year from the western part of Slovakia (Trnava area). The intensive courses,
including the open class visits, create a good opportunity to build a vital network among teachers and trainers,
as well as for the teachers among themselves. This partnership is profitable for all sides. Especially in the open
classes they learn to analyse, get feedback, justify steps they have taken, get inspired, gain confidence etc. The



meetings at the teachers’ home schools offer the possibility to react and solve one’s needs and exchange ideas
in given school conditions. Many of the participating teachers let our pre-service teachers visit their lessons and
even help us to guide them. Teachers see inquiry-based teaching as being very demanding but at the same time
very meaningful.

In order to support the introduction of inquiry-based science teaching and learning into formal education, the
local Fibonacci team encouraged particular local authorities to join the local community board. Up to now
the community board consists of eight members: the rector of Trnava University in Trnava, teacher trainers, a
member of the Slovak Academy of Science, school founders, a member of the Methodological Centre for Peda-
gogy. Based on our experience, we can say that mainly school founders helped us with practical implementa-
tion into formal education, as they could directly reach the school directors and support teachers’ interests for
innovation in science education innovation.

The assessment of the CPD courses is done at several levels. In order to reach a specific level of excellence,
we perform multiple observations. Each teacher makes a final presentation of his/her work at the end of the
in-service training. Teachers are asked to prepare their own inquiry-based activities, which are evaluated
according to the basic principles of inquiry-based science education. Only the teachers who are well familiarised
with inquiry-based science education obtain a certificate of excellence.

Additionally, the external evaluators of the Fibonacci project (EDUCONSULT) give feedback, especially to coor-
dinators and trainers. We are also working on assessment of student learning. During regular meetings with
teachers, we discuss how to assess student learning in the classrooms. We are presently developing an assess-
ment tool for this purpose. In our opinion, assessment is very important in promoting inquiry-based science
education in the academic community.

Today, there are several academic institutions in Slovakia participating in European projects with a focus on
inquiry-based science education. This promises a constructive dialogue on implementing an inquiry-based
approach to science teaching in Slovakia. To promote the implementation of inquiry-based science education
and strengthen our science centre, we continuously cooperate with educational authorities and we develop
additional material for schools.

Lessons learnt:

Implementing inquiry-based science education in an unprepared educational system is not an
easy task.

Inquiry-based science teaching requires an intensive and long-term preparation of teachers:
teachers’ concept of teaching has to be redesigned.

For training purposes, it is very effective to analyse the lessons in one particular class knowing
that every group of children is different and needs a different guidance, instruction and help.
Participating in open class visits creates very natural cooperation among in-service teachers
which is profitable for all sides.
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Networking among Centres for Educational Resources

Ida Guldager, University College South Denmark

The beginning: giving teachers access to resources from the 1930s onwards

The Centres for Educational Resources were founded in their early form in the 1930s as “school centrals” —
places where teachers could get information on the available school books. During the following decades, the
number of school centrals reached more than 20
and the services expanded to providing teacher’s
guides and the lending out of material, as well as
pedagogical guidance and trips to educational
fairs. In the early 1970s legislation was made
regarding the services of the centres. An update
of the legislation later brought the centres to their
current status, in which a network of Regional Uni-
versity Colleges encompasses the sub network of
Centres for Educational Resources. These act as
resource and development centres for schools and
other educational institutions rectified by the same
national legislation, which reads as follows:

FIGURE 3: MATERIAL STORE IN AABENRAA.
© UNIVERSITY COLLEGE SOUTH DENMARK

“Article 2,1. The function of the Centre for Educational Resources is:

* to build up a collection of teaching resources intended to be on loan to educational institutions;

* to provide information and offer guidance to teachers regarding the teaching resources in our collec-
tion and their use;

* to support teachers in developing their personal teaching resources.”*

The centres now host a complete collection of up-to-date school handbooks and related material covering the
educational needs of the schools and institutions we serve. Furthermore, the collection includes a large selec-
tion of audiovisual learning materials and multimedia resources. The schools served by the centres have weekly
deliveries of materials, which have been booked through the online platform or the phone.

Strength of the Danish model for organising material support and CPD courses

* By having a copy of all available teaching books, the Centres for Educational Resources offer a huge
variety to the teachers, and not only books from a specific publisher.

* The national network offers great possibilities for knowledge sharing and joint development of
educational materials.

* Material boxes developed at a certain Centre for Educational Resources can very quickly be distrib-
uted to all centres, and distribution will be followed by nationwide teacher training on that specific
subject.

* The national network ensures a certain buying power towards the companies who deliver educa-
tional materials, giving the best value-for-money.

* The new “Centres for Educational Resource — national standards” will ensure a uniform offer to all
schools in Denmark.

* As the Centres focus on all subjects, the cross-curriculum activities are heavily supported by the
pedagogical advisors and CPD is offered.

 The Centres are updated on IT-based teaching and develop common educational platforms.

* The Centres all use the same booking system, making it easy to support each other.

24 Translated from The Danish Legislation. 2012. Consolidation Act No. 1306 of 11th of December 2006, with the changes imposed by
§ 73 of Act No. 562 of 6th of June 2007. {Online}. Available from: https://www.retsinformation.dk.{Accessed: 15th March 2012}
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However, in periods of recession we meet the following challenges:

° The national funding also makes the centres visible and vulnerable to national cutbacks in times of
economic difficulties.

 The booking system is the same at all Centres for Educational Resources, however it is not possible
to book materials at another Centre.

* Making joint CPD courses without developing a form of internal competition in order to secure the
revenues from the training.

CPD: encouraging the development of a school-based approach in inquiry-based
teaching

InDenmark it has been atraditionto focus on the students’ ability to phrase questions by focusing on phenomena
in the surroundings that caught the students’ attention and using the students’ questions and investigations as
the basis. The teachers will see this attention as a key concept for understanding a child's quest to discover and
learn.?

In our in-service education we have a focus on the
inquiry-based approach to teaching, since the teachers
are already skilled in mathematics and science. The
pedagogical advisors from the Centres for Educa-
tional Resources organise CPD workshops alternating
between periods of tutoring, and experiences are
shared permanently on the national webpage. Teachers
are encouraged to design their own approach to their
teaching by developing their own units. These are
shared on the webpage. Each school has its own port-
folio page.®

In order to develop a common understanding of inquiry-
based science and/or mathematics education, the
University College South Denmark and The National
Organization of Centres for Educational Resources in

Denmark decided to take part in the Fibonacci project. FIGURE 4: COLLECTION OF MATERIAL,
© UNIVERSITY COLLEGE SOUTH DENMARK

Curriculum relevance

In the Danish National curriculum, the ‘working methods and ways of thinking’ in science and mathematics are
described as competences that the students should acquire. The following passages are from the curriculum for
2nd and 3rd grade.

Science: “Phrasing questions and hypotheses based on observations, investigations, etc.”
“"Completing and describing small scale investigations and experiments”
“Comparing results and data for both practical and theoretical studies using drawings, diagrams,
tables, digital images [...] and communicating them”

Mathematics: “Working experimentally and in an investigative way involving concrete materials”
“Working individually and cooperatively solving practical problems and mathematical tasks”
“Engaging in dialogue about mathematics, where students' different ideas are involved”

25 Leicht-Madsen, Bent, 1984: Se her! Forlaget Bern og Unge, Kebenhavn.

26 Here are some examples of teaching units developed and shared by teachers: Building Bridges: http://www.fibonacci-project.
dk/deltagende-skoler/gredstedbro-skole-gredstedbro; Mathematics in Balls http://www.fibonacci-project.dk/deltagende-skoler/
ankermedets-skole-skagen; and Spiders http://www.fibonacci-project.dk/deltagende-skoler/risingskolen-odense



* ¥ o

%

Y. 40

N

\

This legislation supports the development of an inquiry-based approach to teaching. But it also has given us the
challenge that some teachers find the inquiry-based approach to teaching to be ‘old wine in new bottles'.

A nationwide project: a challenge for networking

As we started the Fibonacci project, we soon found that the most important task was to ensure that everyone
had ownership of the Fibonacci project. All pedagogical advisors from the Centres for Educational Resources
that took part in the project met for common workshops before the projects at the schools started. These work-
shops created a mutual understanding of an inquiry-based approach to science and mathematics teaching,
which could then be disseminated in the Fibonacci schools. As the Danish project is nationwide with the part-
ners placed all over Denmark (figure 5), daily “corridor-talks” are impossible, making it so much more important
to align the expectations. We try to accomplish this
by sharing experiences and ideas on our webpage,
as well as the portfolio pages of the schools and by
arranging regional kick-off conferences with work-
shops and the presentation of ideas by the more
experienced teachers, and finally by publishing
newsletters every other month. Furthermore, the
nationwide approach has made it easy to spread
out and test the material in different areas of the
country, giving us feedback from several users in a
very short period of time.

In the Danish project we focused on using the
existing materials and adapting them to an inquiry-
based approach, as the centres have a huge compi-
lation of material boxes for science and maths. We
also developed some units for use in collaboration
with our twinning partners in Spain and Portugal,
as they do not have the same material compilations
as we do in Denmark. These units have now been
used for in-service training in Denmark, Germany,
Spain and Portugal, sharing the concept of an
inquiry-based approach to science and mathematics
teaching.

FIGURE 5: PARTNERS OF THE DANISH PROJECT
© OPENSTREETMAP CONTRIBUTORS

/
Lessons learnt: ‘

° The importance of supporting the individual teacher in the process of developing an inquiry-
based approach to their own teaching.

° The development of units based on pilot studies in schools has a strong transmissibility for both
teachers and trainers.

* In nationwide projects, it is important to create a sense of ownership of the project from all
participants and to align expectations. This could be achieved by establishing suitable channels
and tools of communication.




Petra Skiebe-Corrette, Freie Universitat Berlin, Germany

In 2005, the Berlin school system added the new subject “science” in grades 5 and 6 and increased the number
of topics concerning science and technology in grades 1 to 4. These changes were difficult for the schools to
implement. The majority of primary school teachers did not study science and were (and still are) afraid to teach
it. Also, most schools do not have special rooms to teach science and lack the materials for hands-on science
activities. The time was ripe for a programme that would support those teachers to teach the new curriculum.

When | was introduced to the NTA programme (Science and Technology for All, Naturve Tenskapoch Teknik
for Alla)?, | realised that such a programme could help Berlin teachers. In the process of finding funding for
such a programme, the Freie Universitat Berlin was invited by La main a la pate® to join the European project
SciencEduc® as an associate partner.

We also take part in Pollen®, the follow-up EU programme. The aim of Pollen was to support inquiry-based
science education in 10 primary schools in each of the 12 participating countries, each country developing
its own strategy to reach that goal. Since the need of interested schools was high, and to sustain the project
beyond Pollen, TuWaS! — Technik und Naturwissenschaften an Schulen (Technology and Science in Schools)*
was founded by the Freie Universitat Berlin and the Berlin-Brandenburg Academy of Sciences and Humanities.
“TuWaS!” translates to "DoSomething”.

In order to be implemented as quickly as possible, TuWaS! adopted many characteristics of the Swedish NTA
programme. Thus, we chose not to develop our own teaching materials but to use already existing commercial
teaching materials that were developed by the National Science Resources Center (NSRC). A number of reasons
supported this decision. Most of the 24 topics available suited the German curriculum. It was pedagogically
appropriate and allowed to build up conceptual understanding over several lessons. The material focuses on
inquiry, was field-tested in the USA and had been implemented in Sweden. Each unit includes enough experi-
mental material (consumables and non-consumables) to allow 30 children to experiment for up to 3 months,
and a guide for the teacher. With help from Sweden, the Freie Universitét Berlin received a contract that
allowed TuWaS! to translate the teaching material and adapt it to German schools. This adaptation process
was performed by teams that included both primary teachers and scientists. So far, we have adapted 10 topics
(weather, solids & liquids, life cycle of butterflies, plant growth and development, electrical circuits, chemical
tests, motion & design, microworld, food chemistry and ecosystems). Like the NTA program, TuWaS! estab-
lished a material centre that rents the teaching materials to schools for five- month periods.

In order to efficiently implement a professional development programme, TuWaS! invited trainers from Sweden
and from the NSRC to run workshops in Berlin. Now TuWaS! offers day-long workshops for each of the 10 topics.
The workshops are run in the best case by two people, one being a primary teacher the other being a
scientist. The teachers perform the same experiments as their pupils will do later in school. After attending the
workshop, they can rent the material for a fee. It includes everything that is necessary for the planned experi-
ment or lesson, thus freeing up the teacher for the teaching and not needing to spend precious time shopping
for the material themselves.

Further details can be found on http://www.nta.kva.se/In-English/

Further details can be found on http://www.fondation-lamap.org/en

Further details can be found on http://www.scienceduc.cienciaviva.pt/home/
Further details can be found on http://www.pollen-europa.net/

Further details can be found on http://www.tuwas.fu-berlin.de/
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In addition to the topic workshops, TuWaS! is developing workshops that focus more on topics such as “*how to
use a notebook” or “how to combine science lessons with improving language literacy”. Here we learned from
our Fibonacci partner, Luxemburg, and from other programmes such as AMST/ (Alabama Math Science and
Technology Initiative)®.

Think big and look for partners: community involvement

When TuWaS! started in Berlin, our Swedish mentors told us to think big, because the programme might grow
faster than expected. This was a warning; we did not pay enough attention to this, but we soon realised that we
should have done.

An idea which we did take very seriously from the Pollen project was to involve the whole community (figure 6).
In order to spread the cost of the programme, TuWaS! tried to diversify its supporters. This is important for
several reasons. If there is only one main supporter, the programme is extremely dependent and if this one
supporter is lost, the programme collapses. Also, different supporters bring different types of skills, knowledge
and support for the programme. Support does not always mean money.

The co-founder of TuWa$!, the Brandenburg Academy of Sciences and Humanities, provides knowledge and the
support of renowned scientists, as well as a political connection. The academy also hosted two conferences on
inquiry-based science education. Early on, TuWaS! was also supported by the TSB Technologiestiftung Berlin,
which funded teaching material for technology topics and provided the salary for the head of the material
centre. In addition, the TSB Technologiestiftung Berlin helps to promote TuWaS!.

4 )
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FIGURE 6: TUWAS! IS SUPPORTED BY NUMEROUS STAKEHOLDERS OF BERLIN. MODIFIED FIGURE DERIVED FROM
THE POLLEN PROJECT

32 Further details can be found on http://www.amsti.org/
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Extremely important for the project is the Senate Department of Education, Youth and Science, which contrib-
utes with financial support and knowledge of the school system. They funded the acquisition and adaptation
of teaching materials. In addition, they allow teachers to work part time for TuWaS!, while being paid by the
school system. TuWaS! is also supported by companies. For example Go! EXPRESS & LOGISTICS, which special-
ises in secure transport of time-critical shipments, delivers and picks up the teaching materials without charge.
Companies also helped to buy some of the teaching material. The Berlin chapter of the Junior Chamber Interna-
tional provided funds to pay for the professional development. In addition, young volunteers (freiwilliges ékolo-
gisches Jahr) work for the project by helping to adapt the material and organise public events.

Learn to share what you have learned: expand and disseminate but adapt to local
circumstances

TuWaS! joined the Fibonacci project to increase the number of children benefitting from the TuWaS! model and
to assist other projects who wanted to implement a similar initiative (figure 7). The new projects are obliged to
follow the concept of TuWaS!—mandatory professional training before using the teaching materials, assisting
schools in case of problems. There are also adaptations to local conditions.

(" A
Hamburg: 2010-2012

5 schools -

29 teachers d

- Landesinstitut fur
Lehrerbildung und . - giea
Schulentwicklung

- Universitdt Hamburg

Brandenburg: 2009-2012
12 schools
26 teachers
- the Association of the German metal
and electrical industry

Berlin: 2006-2012

NordRhein-Westphalia: 101 schools
59 schools 812 teachers
150 teachers -EU

- Chamber of Industry and _
Commerce (IHK) of Cologne;
- IHK Bonn / Rhein-Sieg

- TSB Technologiestiftung Berlin
- Senate Department of Education,
Youth and Science

\ J

FIGURE 7: DISSEMINATION OF TUWAS! IN GEMANY AND THE CRUCIAL STAKEHOLDERS IMPORTANT FOR IMPLEMENTATION

TuWaS! in Berlin was asked by the Chambers of Industry and Commerce in Kéln and in Bonn/Rhein-Sieg to help
start a project in North Rhine-Westphalia (another federal state within Germany). After a yes vote, the Cham-
bers of Industry and Commerce provided seed money and asked their member companies for financial support
for particular schools. The seed money funded a part-time post to transfer knowledge from Berlin to Kéln/Bonn
and to coordinate the programme. The initial professional development workshops and the teaching materials
were also funded. So far all the professional development workshops are run by experienced trainers from Berlin
and the teaching material is adapted in Berlin. However, in the future, local trainers will be recruited and a local-
material centre will have to be developed.
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In contrast to Berlin where only a smaller part of the funds are given by industry, in TuWaS!-KéIn/Bonn, the funds
were provided entirely from industry. Due to these local circumstances, the participating schools in the Kéln/
Bonn area do not have to pay a fee to get the teaching material.

The foundation of TuWaS! Kéln/Bonn, as well as the collaboration as twinning partner within the Fibonacci
project, improved our skills in collaborating with our industrial partners in Berlin and will thus allow us to improve
our community board.

TuWaS!-Berlin also started to work in the federal states of Brandenburg, supported by the Association of regional
employers’ associations in the German metal and electrical industry and in Hamburg by the Landesinstitut fir
Lehrerbildung und Schulentwicklung (regional institute of teacher education and school development) and the
Universitdt Hamburg.

»

Lessons learnt:

° Responding to the needs of teachers and schools is important, otherwise it will be hard to recruit
the teachers.

° Itis important to learn as much as possible from other initiatives because it will speed up the
implementation and growth of your own initiative. It is, however, advisable to adapt to local
needs, which might differ from those of your partners.

° Programmes grow faster than you might expect, thus look for partners from the beginning to get
the work done and ensure financial support.

|8 J




Patricia Corieri and Philippe Léonard, Université Libre de Bruxelles, Belgium

The Experimentarium (Xp) is the physics museum of the Université Libre de Bruxelles (ULB)®. As part of the
science department, the museum was developed to enhance the university’s visibility and also to preserve and
display the collection of original physics instruments of the university. When the Xp was created some fifteen
years ago, it used to be a regular science museum with classical activities such as:

Science exhibitions (recent topics: climate, sustainable development, energy, physics in cartoons).
Design of experimental activities/workshops.

Design of physics demonstrations.

Answering the teachers’ demands for specialised visits of the museum.

However, some years ago, our early considerations about the state of science teaching and a growing form of
disinterest by young people for scientific careers, met similar observations in Europe. The first European experi-
ence at the ULB was the involvement in the Pollen project® .

In the frame of Pollen, around 300 teachers were trained to implement inquiry-based science teaching in their
classes. In the French speaking community of Belgium, the initial training of primary school teachers is mainly
focused on language, mathematics and didactics. Thus they are not confident in terms of science teaching and
certainly not familiar with the inquiry-based approach. The Pollen project clearly demonstrated that continuing
professional development is the starting point of a larger set-up, and that it should necessarily include tutoring
after the training, organised around a focal point that is the resource centre. It also implies that the resource
centre is a place where the teacher can find, not only material, but also support and ideas on how to implement
inquiry-based science and/or mathematics teaching.

The obvious starting point of the Fibonacci project was to stimulate new ways of teaching and, accordingly,
more interest for science from young people. The resource centre at Xp has been developed along the same
tracks:

Experiment-based activities.

Interesting challenges to solve.

Scientific models built from experimental evidence.

Building personal confidence and evaluation capacity through effective measuring of reality.
Ability to use modern technology.

New forms of assessment.

The design of the didactical activities has to take all these aspects into account to integrate the scope of the
project. Let us say that a good challenge design idea has to be seconded by the right choice of material and obvi-
ously needs to be assessed on the same level of “competence”. That is why the resource centre should function
as a helpdesk; we lend the sets of experiments to the teachers only after further training, in order to make the
exchange beneficial enough. We also tutor the teachers to help them manage the lessons. The Fibonacci project
has generated a larger revamping of the didactical environment of our science lessons through the systemic
inquiry-based approach. Since we had chosen to focus on the secondary teaching level, the top-down approach
allowed us to develop even more cross thinking and introduced more interesting updates to the resources used
for primary sources. We also favour the links with the industry; our labs often use materials designed by the
industry to enforce the relations between applied science and knowledge.

Further details can be found on http://www.experimentarium.be

Further details can be found on www.pollen-europa.net/



Design of new materials and experiments targeting secondary schools

When Fibonacci started in 2010, the Xp was chosen to implement a resource centre with a focus on secondary
schools. Secondary schools appear as a completely different challenge compared with primary schools. We
feel that the first years of secondary (12 to 15 years old students) are the most deprived of quality in scientific
teaching, especially in respect to inquiry-based science teaching and applied science. As a consequence, the
first tasks of our resource centre were the design of our own didactical material to reach a full innovative set of
inquiry-based science lessons usable for secondary and technical teaching classes.

Most of the ideas for the project are based on the experience and links with the science education in Belgium,
gained through the Xp visits, workshops and our teaching experience in secondary schools.

By using TIC, instrumentation such as sensors and computers is very important and thus more appealing for
students in secondary schools because they want more up-to-date technology. Experimental work should be
designed to allow fast and easy data collection AND more time to think about how to use the instruments in a
better way and WHAT conclusion to dig out of the data. We use a lot of sensors and other modern instrumenta-
tion and the students are usually quite quick to understand how to use them.

We also use “Challenge labs”. These experiments follow the format already used in the USA for several years®.
Experiments must be challenges with each student team having one question to solve. Each team also receives
a set of sensors and instruments for that purpose. This is very different from the science kits including ad hoc
material. The sets should include more equipment than actually needed in order to allow for a real choice. These
short activities are also adapted for evaluation.

Another important change we have introduced in our proposed lab activities is to deliberately omit the refer-
ence to graphs. Indeed, most lab activities require the students to do some graph analysis to be able to reach
conclusions. However, if they do so, the students lose the benefits from the inquiry strategy. It is quite clear that
giving less indication on how to reach the objective will eventually give them much more insight and method,
even if this may require more time and preparation. We often use the “coffee filter falling” experiment.

We restructured the experimental activities with our hands-on lessons not being just pure inquiry. We prefer to
use a step by step approachin order to reach the challenging question. That means providing the ways to experi-
ment properly (e.g. by changing one parameter at a time) and collect the basic important information. Then the
students have to solve the “Terra Incognita” which is a transfer/bridging activity and truly at the heart of the
inquiry-based lesson. For example, students examine the link between the energy of a projectile and the width
of a crater it creates by falling into the sand. The “Terra Incognita” asks for the size of the meteor that created
the “Barringer” crater in Arizona.

These labs are part of the workshops proposed to the classes at the Xp and they are also used by the teachers
in their classes with the accompaniment of the resource centre. The range of topics we have developed include
optics, electricity production and control, thermal insulation techniques, sound and light activities, waste recy-
cling, substance sorting and identification, energy transformation and efficiency, time measurements, air and
water quality and communication systems.

Challenges and solutions for implementing inquiry-based science education in
secondary schools

To train the teachers and provide adequate tools, we had to overcome some difficulties:

Age: Between 12 and 15 years old, students may become less interested in science and their behav-
iour can be difficult to manage.

Class managing: Occasionally teachers find the students noisy and sometimes uninterested.

To succeed in managing the class, some teachers give discipline priority to experimenting.

These teachers are naturally opposed to inquiry-based teaching. They fear losing control.

Jones, D., 2009. Time Trials—An AP Physics Challenge Lab. The Physics Teacher. 47 (6), pp. 342.



Difficult transition: going from a primary school (more family-like) to a secondary school also leads
to a change of attitude among the students.

Curriculum: Teachers oppose the inquiry-based approach according to the large requirements of
the curriculum. Inquiry-based teaching methods are considered too time consuming to allow full
coverage of the official curriculum. When asked to teach a subject on the basis of experiments, they
believe that they also have to redo their lecture in a classical way to fix the concepts. It is difficult for
them to realise that a concept can be understood through experimenting.

To overcome the challenges, a main point is to design interesting challenges for the students and give them
responsibilities to reach the solution. They have to make choices and use some kind of scientific strategy to
reach it. Using modern technology and instrumentation combined with team work is obviously one of the best
ways to run scientific projects and make them feel part of them.

A good example is the workshop “No panic in the village”, which is given to whole classes. A miniature village
offers different student groups different challenges to solve; some will try to lighten the football terrain with
as much light and less money as possible, while some other groups will take responsibility of analysing the
water quality in the village. This particular workshop involves many sophisticated instruments (pyranometers,
luxmeters, wattmeters, pH-meters, etc.) and requires good teamwork to solve all the questions. At the end a
debriefing allows the whole group to realise its global level of performance in the environmental managing of
the village.

To face the arguments of teachers who are opposed to inquiry-based teaching because of the already heavy
demands of the curriculum, we are involved in developing new assessment methods. Regarding the curriculum,
we are part of the working groups of the Board of Education which defines new directions and the specific
inquiry orientation given to maths and science lessons that will be mandatory over the next years. The develop-
ment of experiment-based lessons and the definition of new assessment methods are among the main objec-
tives of this programme.

The curriculum guidelines in Belgium impose the application of the inquiry-based methods. So far, however,
no clear instructions have been given to evaluate the knowledge and the methodology acquired. We have
addressed these difficulties in our project by integrating specific advice and discussion in the training sessions.
The assessment question can be partly solved by the challenge labs activities.

We provide half-day training sessions for teachers and future teachers limited to 25 participants. The teachers
are asked to solve exactly the same problems as the ones they would subsequently give to their students. This
immersion is of course essential to develop enough confidence in the inquiry process in general, and specific
questioning relative to the specific subject. Each workshop is accompanied by a debriefing and hand-outs.

Lessons learnt:

Primary and secondary schools need different tools for inquiry-based science and/or mathematics
practice because their time and task management is completely different.

The evaluation, in direct link with the curriculum imposed to the teachers, has a large influence on
their teaching. We have to implement assessment methods within the activities we developed.
Training and resources have to be adapted to the initial training of the teachers. The use of more
modern instrumentation and genuine inquiry-based methods still has to be extended.
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Implementing Inquiry-based Science Education with Low
Budget and High Community Involvement

Stevan Joki¢, VINCA-Institute, University of Belgrade, Serbia

The starting point: providing resources for teachers without any financial support

Keeping in mind the science teaching in Serbian schools and the bad results of our students in the PISA test, we
had the vision of changing the situation in science education and thus founded our project “Ruka u testu” in
2001. Inspired by the experience in other countries such as France with La main & la pate®, Sweden with NTA¥,
China with Learning by doing®, Great Britain with XX/ Century Science®, we started to introduce our hands-on
approach. The initial idea came from in a meeting with the French academics Pierre Lena and Yves Quéré and
other members of the French team La main a la pate at a symposium in Serbia.

Our strategy was to achieve scientific literacy for all children by creating
different resources for teachers. This idea was new in Serbia, as in many
other countries. At the beginning we did not have any financial support.
For that reason we decided to translate as many of the books for teachers
and parents created by the team La main a la pate as possible which are, in
our opinion, excellent. Additionally, we had many appendices in the Serbian
Educational weekly journal Prosvetni pregled, which is distributed, free of
charge, in Serbian schools. We also did this without any financial support.

All the French resources were given free of charge, not only for translation,
but also as a basis for the later creation of our experimental kits and our
website. The next logical step was to respond to the needs of teachers. We
implemented our website (http://rukautestu.vinca.rs), to give more teachers
accesstoour science and educational resources. With relation to the concept
of our website, we again profitted from the experience of La main a la pate.

FIGURE 8: FIVE BOXES CONTAIN-
ING MORE THAN 20 EXPERIMENTS
AND TRANSLATED BOOKS When setting up a centre, learning from the experience of partner projects

is very important.

Since the end of 2008 the Serbian website has been online and contains about 2,500 pages, which offer teachers
many important resources. These include numerous modules for activities in the class. Some of these were
created by Serbian teachers in collaboration with researchers and through interdisciplinary projects. Addi-
tionally, there are pedagogical documents from elementary to low secondary school (e.g. “integral teaching
of science” and the modules “matter and materials” and “energy and energies”). The website also includes a
discussion platform for teachers where questions can be addressed to other teachers or scientists.

A growing project: creation of own resources, establishment of teacher networks and
dissemination of inquiry-based science education

In the beginning of the project, we found that a small, enthusiastic team was needed in order to give a fresh
impulse to inquiry-based education. Our team includes about 20 members from schools all over Serbia, profes-
sors from universities and scientists from research institutions. They all have experience in science education
and are highly motivated to introducing inquiry-based teaching in our country.

In the framework of the Fibonacci project, we implemented inquiry-based science education with the support of
the Serbian Physical Society and in collaboration with the French Academy of Sciences.

36 Further details can be found on www.fondation-lamap.org/en
37 Further details can be found on http://www.nta.kva.se/In-English/
38 Further details can be found on http://www.rcls.seu.edu.cn/en/

39 Further details can be found on http://www.twentyfirstcenturyscience.org/
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To make use of our experience in teacher workshops of the last six years, as well as of our resources, we decided
to develop our own pedagogical kits for primary schools. For the kits we use only low budget materials but we
received financial support from the Fibonacci project for teachers who work within the projects.

Until now, kits were developed on the following topics: air, water, electricity, colour, floating and sinking. In addi-
tion, prototypes were developed on “senses” for preschool with 10 experiments on “climate” and “*my planet and
me!”. Our collaborators created two modules on the topics of “sound” and “classification” which are available on
our website.

In order to work with the pedagogical kits for
primary schools, our team established 14 regional
experimental rooms in Serbia (figure 9). Each Room
is supplied with 5 boxes containing 20 experiments
for class activities and 10 books. These 14 centres
serve about a hundred primary schools. Our aim
is to give teachers a model of research and imple-
mentation of inquiry-based teaching in a convenient
place with convenient tools. The booklets explaining
the experiments of the kits can also be downloaded
from our website (free of charge).

Besides providing resources for teachers in Serbia,
we focus on establishing a network of Serbian
schools interested in participating in the Fibo-
nacci and Greenwave® projects. Nearly 50 schools,
primary and secondary, have joined the project. We
have chosen schools which are geographically close
to one another for a better involvement of local
actors. We cover almost all areas of Serbia, which
is very important for he dissemination of inquiry-
based science education across the country.

FIGURE 9: MAP OF THE 14 REGIONAL EXPERIMENTAL

These and other pedagogical projects offered on our ROOMS IN SERBIA. © OPENSTREETMAP CONTRIBUTORS

website open the door to teachers for an interdisci-
plinary approach and participation in different international activities. This is an important step which encour-
ages the sharing of experience and the development of national and international networks.

Continuing Professional Development: providing one-day courses for teachers

Eight-hour sessions of professional development, accredited by the Ministry of Education, were organised for
more than 1,000 teachers and tutors in 2010/11. The participants are trained to implement inquiry-based science
education. As with their pupils in elementary and lower secondary schools, they have to find the answers to
questions on different topics by using material easily found in their surrounding world or by using our kits. The
workshops are held in the schools, in about 30 places all over Serbia. Thereby teachers of preschool and elemen-
tary school were trained together with secondary science teachers in order to develop teamwork between
schools and bridging the gap between the scientific disciplines. Our aim was to demonstrate to teachers that
it is possible to implement inquiry-based teaching at all levels of schooling. During the project, trainers are in
touch, and each of them is responsible for up to 10 teachers. We get support by students from the teachers
faculties who do their practical training in our schools. In addition, the Ministry of Education introduced the
optional subject in “*Hands-on-Discovery of the World” in 2003.

40 Further details can be found on http://www.greenwave-europe.eu
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Establishing a local support network and mobilising decision makers are key elements of support. They could
overcome a lack of financial support in the start-up phase. By translating the resources of La main a la pate, we
fostered the communication among French and Serbian scientific-educational community. As we were without
any financial support at the beginning of our project, we contacted and then presented our project to a number
of university professors, to scientists from different institutes and to school teachers. As a result, we received
various forms of support—assistance with translating, scientific advice and shared experience.

Furthermore, a partnership with several institutions within various fields was developed. This encouraged
support across the board which provided further support in planning international workshops from the Academy
of Sciences and Arts, the Serbian Physics Society and the Serbian Ministry of Education.

Five Southeast European workshops on “hands on primary science education” were organised in Belgrade from
2005 to 2010. Participants who were members of the Fibonacci Project, scientists, science educators and educa-
tion experts, professional advisors and policy makers took the chance to exchange and extend on their experi-
ence. http://rukautestu.vin.bg.ac.rs/handson4/.

We found a school publishing house (Zavodzaudzbenike) and a weekly educational journal (Prosvetnipregled)
which published all our books for free.

The French Academy of Sciences signed an official collaboration document for our project with the Serbian
Academy and the University of Belgrade. In addition the French Embassy in Serbia supports our activities.
Throughout 2010/11, the VINCA team members, teachers and students involved in the Fibonacci Project
in Serbia gave several interviews and made guest appearances in broadcasts on Radio Belgrade 1 (Serbian
National Broadcasting Corporation). The main goals of those participations and interviews were to present and
promote inquiry-based learning, the Fibonacci project in Serbia (including the Greenwave Project), as well as
new methods and approaches in the teaching of science.

We are developing tools for formative assessment of teaching practices and student learning. We are pres-
ently handing out to our teachers “self-reflection questionnaires” created by the Fibonacci team, which were
translated for our teachers. In order to measure the project’s impact on classroom practice, a PhD thesis at the
Faculty for Teachers in Sombor has been started.

Challenges: The main obstacle beside the financial shortage, is our society’s inertia against change in educa-
tion. In our opinion, the main aim of the primary school should include scientific literacy for all children. Still,
teachers mainly present science via lecture—the belief that children very rarely resolve experimental problems
or projects themselves and parents are mostly interested in children’s grades and not competencies and skills.
Even the scientific community did not completely accept that school must be orientated towards all children,
and not only to the more “gifted” ones. Therefore in our opinion a CSME introducing inquiry-based education
will only be sustainable with the strong support of the Ministry of Education.

Lessons learnt:

In the beginning you need a small enthusiastic team in order to inject fresh impulse into inquiry-
based education.

When setting up a centre, learning from the experience of partner projects is very important.
Establishing a local support network and mobilising decision makers are key elements of support.
They could overcome a lack of financial support in the start-up phase.

An education project will only be sustainable by the strong support of the Ministry of Education.
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Teacher Networks as a Success Factor within a Large
Scale Project

Dagmar Raab, University of Bayreuth, Germany

The national projects SINUS and SINUS Transfer

As a consequence of the disappointing German results of the Third International Mathematics and Science
Study—(TIMSS, 1996/97)*, the pilot study “Increasing Efficiency in Mathematics and Science Education”
(SINUS) was launched in 1998.

180 German schools participated in SINUS from 1998 to 2003. As a result of the very positive evaluation, the
follow-up project SINUS-Transfer was started and has brought the SINUS approach to a great number of schools
and teachers all over Germany. About 1,800 schools and more than 10,000 teachers participated between 2003
and 2007.

The central support for achieving SINUS and SINUS Transfer was done by the Leibniz Institute for the Peda-
gogy of Natural Sciences at the University of Kiel (IPN) in cooperation with the Chair of Mathematics and Math-
ematics Education at the University of Bayreuth and the Institute for School Quality and Education Research in
Munich (ISB). The SINUS schools were mainly supported by the so-called coordinators who worked closely with
the above institutions.

SINUS Transfer is the largest school development project that has ever been carried out in Germany.

Eleven modules as a common framework

Teachers in the programme are seen as the experts in teaching and learning who are capable and responsible
for further developing and improving their own classroom teaching. The SINUS concept is based on an array
of problem areas (the so-called modules) which may arise in maths and science lessons. Those areas frame the
work of the teachers involved and allow them to act in a self-directed and cooperative way.

The modules leave room for supplementation and individual development, but are clearly embedded in a basic
concept. They are based on an in-depth analysis of science and mathematics education®

Developing a task culture
Scientific working
Learning from mistakes
Gaining basic knowledge
Cumulative learning
Interdisciplinary working
Motivating girls and boys
Cooperative learning

. Autonomous learning

10. Progress of competencies
11. Quality assurance

©CENOVFWN R

Teachers working on those modules have access to scientifically-based materials and worked-out examples
referring to the modules. Guidance by the coordinators and in-service training is also based on the modules.

41 Further details can be found on http://timssandpirls.bc.edu/timss1995.html
42 Further details can be found on http://www.sinus-transfer.eu
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Cooperation as the main objective

Cooperation and collaboration on different levels amongst teachers play an exceptional role in the SINUS
philosophy. Cooperation takes place within the department of a school, and also beyond the individual school.
Exchange of ideas and experiences on a state level and supervision and support on an interstate level promote
and strengthen cooperation with local implications. In addition, the teachers cooperate both in an intra and
inter-disciplinary manner.

This concept of intensive cooperation was very new in Germany and one of the main factors of the great success.
It was also highly appreciated by the participating teachers.

Networks as structuring elements

However diverse and flexible the topics and the individual work at school may be, such a large scale project
needs very clear structures to ensure successful work within common goals. This has been achieved by networks
on different levels.

Six to ten participating schools (SINUS network schools) are grouped around an experienced school (pilot
school). The teachers receive advice and practical support from the so-called set coordinators, who are mainly
science and mathematics teachers of the pilot schools. The set coordinators are also responsible for organising
training sessions and support from external experts (figure 10). Each school set is located in the same town or
region allowing intensive cooperation and continuing exchange of experience.

All school sets are part of an overarching states’ network (figure 11). The responsible states’ coordinator stays in
contact with the central coordination and participating institutions such as universities and ministries. Regular
meetings of all states’ coordinators ensure effective work including discussion and integration of new educa-
tional aspects.

4 N )

project holder: \
1PN

)
Bayreuth University /
1SB /

network
school

federal ministry
of education

universities

network network-
school school

pilot school

network ey
school network

school

network
school

ministms. institutes
K J K education of education J

FIGURE 10: SCHOOL SETS FIGURE 11: OVERARCHING NETWORK

Fibonacci as follow-up project — international cooperation

When looking for successful projects for improving science and mathematics education on a European level,
the European Union also recognised the SINUS programme as a very innovative and successful pedagogical
approach. The Rocard Report recommends SINUS as a model for a large scale European project aiming at
improving science and mathematics education. “The impact of Sinus-Transfer is very positive. The evaluations
conducted show a significantly positive impact on student attainment, especially for weaker students. Large
numbers of teachers have shown strong support and enthusiasm for this initiative”.**

43 European Commission, 2007. EUR22845, Science Education NOW: A renewed Pedagogy for the Future of Europe
Luxembourg. Office for Official Publications of the European Communities, pp 16/17.
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As recommended, main parts of the Fibonacci project are based on the SINUS philosophy. So it was highly
appreciated by the project partners to get in contact with experienced teachers from the well-established
German networks. Those teachers worked as trainers in international workshops, showed practical examples
and discussed intensively their intentions, experiences and also obstacles. The German teachers involved are
very satisfied to get the chance to stay in contact with other European teachers, educators and researchers and
vice versa. New aspects, materials and intensive discussions about common issues bring an additional wind of
change to the individual and set school work. In this context it was important to get strong support from the
Bavarian Ministry of Education. About 30 Bavarian teachers are paid by the Ministry of Education for their work
as set coordinators in the Bavarian side of the Fibonacci project. The University of Bayreuth is responsible for
training sessions for the coordinators, cost-free materials like the maths bag*, books, articles and interactive
tools.

SINUS international: examples in English language

To spread the ideas on an international level, it is important to
offer materials in a common language. So we sifted through the
big number of resources to provide good practice and background N

material. Paid by the Federal Ministry of Education, selected mate- S";'Mg :w“:_mm"
rials were translated into English and are available for free*, espe- sl
cially the booklet SINUS Bavaria which reflects the existing diversity
of the work being done in different school types, school groups, and

subjects and is exclusively written by experienced teachers®.

INUS

FIGURE 12: SELECTED MATERIALS WERE
TRANSLATED INTO ENGLISH

Sustainability—national educational standards

One of the most important outcomes of the SINUS projects so far was the implementation of national educa-
tional standards for mathematics and science. Those standards are compulsory for all schools (primary and
secondary) all over Germany. They heavily focus on the eleven modules and outcomes of the SINUS projects
taking into account inquiry-based methods, motivation and activation of students, increased connections to
real world problems and methods for fostering independent, self-organised and team-orientated learning.

Lessons learnt:

° Respect teachers as experts of teaching and learning.

° Common goals including freedom for individual adaptations lead to high acceptance.

* Successful and sustainable changes need long-term projects, a crucial number of participants and
a high recognition and assistance from the responsible institutions.

44 Further details can be found on http://fem.uni-bayreuth.de/mathebeutel/

45 These materials can be found on www.sinus-international.net
46 http://sinus.uni-bayreuth.de/math/ISB_SINUS_Bavaria.pdf
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Franz Rauch and Gertraud Benke, Alpen-Adria Universitat Klagenfurt, Austria

The IMST project

The nationwide project 'IMST’ (Innovations Make Schools Top) aims at improving instruction in mathematics,
science, IT, the German language and related subjects. The focus is on students’ and teachers’ learning®.

Since 1998, the project has been repeatedly commissioned by the Austrian Federal Ministry of Education,
Science and Culture to the Institute of Instructional and School Development (IUS) at the Alpen-Adria-Univer-
sitdt Klagenfurt. It developed in three phases: (1) analysis of the disappointing Austrian results at the Third Inter-
national Mathematics and Science Study (TIMSS 1995)*%; (2) development of the IMST project (2000-2004); (3)
build-up of a school support system (2004—ongoing). Since 2004 IMST has encompassed the entire educational
system (K-12 and teacher education). Currently about 21,000 teachers are involved who participate in projects
or cooperate in networks.

The IMST programme ‘Regional and Thematic Networks’ supports regional networks in all nine Austrian prov-
inces, and three thematic networks which operate on the national level. Within the IMST thematic programmes,
teachers putinto practice innovative instructional projects and receive support in terms of content, organisation
and finance. Furthermore, 18 Regional Educational Competence Centres (RECC) in science subjects were imple-
mented all over Austria to act as a cooperative structure between universities and teacher education colleges.
They partly fill the gap of a lack of subject didactic centres in higher education throughout Austria.

IMST and the strategies to implement inquiry-based science and mathematics
education

During its quite long duration, IMST has strengthened all the strategic areas necessary for improving the educa-
tional system, Continuing Professional Development and support (CPD) and gives teachers access to resources,
community involvement, assessment/evaluation, and creating teachers networks.

With respect to CPD, courses for teachers in mathematics and science are organised. These four-semester
courses called "PFL—Pedagogy and Subject specific Instruction for Teachers” are based on the hypothesis that
firstly, learning and teaching innovations are supported best when developed in close connection with teaching
practice, and secondly, when teachers are investigating their own work and networking with each other and
with the academic community (action research). The teachers further develop their teaching knowledge and
competences as well as their theoretical understanding.

Teachers participating in the IMST programme are engaged in different sub-programmes (currently by thematic
programmes on competency, experimental learning, IT, assessment for learning). Within these thematic
programmes, the teachers were coached and received learning materials for their classroom projects. The
participants —individual teachers, teacher groups, whole schools or local school networks— had to report on
their activities. Over the years, IMST therefore accumulated a rich data base consisting of project reports stored
in the IMST-Wiki. They contain reflections on teaching and learning processes.

Further details can be found on www.imst.ac.at

Further details can be found on http://timssandpirls.bc.edu/timss1995.html



The regional networks (RN) are, in addition to the Thematic Programmes, an important part of the project.
“Regional” refers to each of the nine Austrian federal states. As of July 2012, such regional networks supported
by IMST exist in all states. Furthermore, 18 Regional Educational Competence Centres (RECC) for science
education (in biology, chemistry and physics) were established all over Austria to act as a cooperative structure
between universities (responsible for the education of grammar school teachers) and teacher training colleges
(responsible for the education of primary and lower track secondary school teachers and continuing education
with a tradition in vocational experience). The RECC as regional centres of expertise in subject instruction, work
closely together with the RN with a focus on networking and exchange.

The goals of the networks are threefold:

Raising the attractiveness and quality of lessons in mathematics, biology and ecology, chemistry,
physics, information technology, geography, descriptive geometry and related subjects, as well
as promoting cross-curriculum initiatives and school development in grammar, vocational and
secondary modern schools, primary schools and kindergarten.

Professional development of teachers.

Involving as many schools as possible.

The formation of regional networks is based on two principles:

Use of existing personnel, institutional and material resources in the federal provinces.
The persons, organisations and school development act autonomously and take over responsibility
for the development of regional networks.

IMST supports the setting up . .
of steering committees in each T Network Structure in a Region

Fibonacer

'-((L‘

regional network to coordinate
the generation of content and to
create cooperative structures for
schools, the educational author-
ity, as well as teacher training col-
leges and universities (figure 13).
In order to facilitate a sustainable
grounding of regional networks in
their respective federal states, the
financial support of IMST is condi-
tioned by raising additional finan-
cial or personnel support in each
of the federal states (i.e. teaching
hours, funds for further education)
as well as local industries (i.e. sup-
port of projects and network con-
ferences). NETWORK STRUCTURE IN A REGION

Activity space of the network at
schools, regionale and local

seminars, communication plattform
etc.

Steering group
(Teachers,
Schoolad-
ministration,
Univiersities)

Local networks
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National
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Businesses
NGOs

RN in other
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The exact task profile of a regional network is geared towards the needs of the respective schools in the region
and the existing resources, and it depends on the vision of the people comprising the local steering committee.
It encompasses the establishment of a platform for schools and teachers, the organisation of the opportunity
for exchange of experiences and further education, the support of creating concentrations and their develop-
ment in schools, the development of a pool of experts to advise on instructional and school matters, drafting
an annual report and interim reports on the activities of the regional networks and the implementation of an
evaluation.



The networks and the RECC are supported by the network-team at the 1US at the University of Klagenfurt via
a platform for ongoing process management, two seminars per year for members of the steering committee
and leaders of the RECC, public relations (folder, newsletter), accompanying research and studies on the devel-
opment of networks through the team of networks. Thus the local needs and developments are balanced by a
national exchange of experiences and endeavours.

Evaluation is a central element of IMST. IMST can be described as a cooperative structure between schools,
school administration, universities/teacher training colleges and businesses coordinated by the IUS at the
Alpen-Adria-Universitat Klagenfurt. Like every sub-programme within IMST, the regional networks are assessed
by self and external evaluation. The individual regional and thematic networks each submit an annual written
documentation, including an evaluation in accordance with the cooperation’s agreement. The RN leadership
team documents the working process consulting in a log book and gathers written and verbal feedback on the
network seminars. In addition a series of interviews were commissioned regularly. As of now about 70 reports
have been submitted from regional networks.

The results might be summarised as follows: social contacts prove to be indispensible to the creation of struc-
tures, the exchange of experiences and mutual learning. Therefore the approach of using and further developing
existing regional structures is, so far, successful. Such development, however, needs small steps. The support
from state education authorities is essential for the development of regional identities in networks. The duties
of the steering committee and its coordinator(s) are diverse and can only be accomplished by teamwork.

With reference to the four functions of networking according to Dalin (1999)*, namely informative function,
learning function, political function and psychological function, the evaluation data collected up to now gives
rise to some indicators and examples. Innovative projects are carried out within the regional networks and
increase the attractiveness of science lessons with cross-curricular teaching as well as in collaborations between
schools.

The dynamic development of RECC is remarkable; they developed out of the networks. In the next few years,
the focus will be on constructing collaborative structures between networks and RECCs as well as quality devel-
opment and assurance through process management, process guidance, evaluation and research.

Lessons learnt:

Good practice cannot be cloned but exchange of experiences on a personal level supports learning
and innovations.

Teacher Networks offer a goal-orientated exchange process among teachers (information function)
which supports the professional development of teachers (i.e. fresh ideas for classroom teaching,
inter-disciplinary cooperations at schools) (learning function).

Teacher Networks could create a culture of trust, raise self-esteem and risk-taking of teachers
(psychological function) and could upgrade science at school (political function).

It is necessary to maintain a balance of Action & Reflection (goal-directed planning and evaluation)
and Autonomy & Networking (analysis of own situation, support by ,critical” colleagues at school,
IMST-facilitator) in order to set up a sustainable support system for schools.

Evaluation and Research needs to be orientated towards an iterative connection between an
interest in gaining new knowledge and a developmental interest. A culture of self-critical and collec-
tive reflection might flourish, but this reflection should not hamper the progress of the project.

Dalin, P., 1999. Theorie und Praxis der Schulenwicklung. Neuwied: Luchterhand.
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The Needs of Teachers are Central, but Evaluation and
Assessment are Equally Important

Ana Gostincar Blagotinsek, University of Ljubljana, Slovenia

At the beginning: supporting teachers with their daily work

The involvement of the Faculty of Education of the University of Ljubljana® in the Pollen project in 2006 was
devoted to supporting inquiry-based learning and teaching of science at the primary level in order to meet the
demands of our teachers. Slovenia has got a national curricula, and science is present at all grades, starting
from kindergarten. Primary teachers in Slovenia have to teach all (six) subjects and are usually not confident
with their content knowledge in science. They teach mostly biology, but tend to avoid chemistry and physics
topics. Our faculty offers Continuing Professional
Development (CPD) courses for kindergarten and
primary teachers. After visiting our courses, the
confidence and attitude of teachers improved, but
actual implementation was inhibited by the lack of
suitable equipment, which also hindered making
science lessons more active.

Within the Pollen project, we got to know the NTA
programme (Science and Technology for All) of
the Swedish Academy of Sciences. In addition to
providing CPD courses, the NTA centres also lend
equipment for the implementation in the classroom.
We decided that the Swedish NTA model was some-
thing that could also work well in Slovenia. As the
content of the NTA units did not fit the Slovenian /
curriculum and the organisational structure of our FIGURE 14: TEACHERS IN STARTING POSITION.
primary schools, we decided to develop our own. © UNIVERSITY OF LIUBLJANA

Giving teachers access to resources

All the materials developed within the Fibonacci (and previously the Pollen) project aimed to support teachers
with their daily routine within the curricula. The topics chosen were those that teachers reported to be most
problematic for them, either because of the required scientific content knowledge, or because of the materials
needed to teach them in class.

Every unit contains didactic materials in addition to a box of adequate experimental equipment for class-
room use. Units usually start with assessment of the existing pupils’ knowledge and preconceptions, vocab-
ulary building and language development, proceed with familiarisation of the equipment and acquisition of
the experimental skills, intertwined with concept building and mind teasers to encourage critical thinking and
reflection. Starting points for possible inquiries follow. Suggestions on how to assess acquired skills are added
at the end (for the teacher). Materials are partially designed as a teachers’ manual and partly as a workbook for
pupils. Topics are intended for a week or a science day (3—4 lessons).

Continuing Professional Development

The workshops for the teachers are of two kinds: some are devoted to introducing active learning of science,
and others are focused on improving the skills for taking inquiry-based science education into the classroom
(inquiry workshops, & hours each.). The latter focuses on handling pupils’ questions, stimulating interest and

50 Further details can be found on http://www.pef.uni-lj.si




including pupils in the planning of
lessons, as well as on strategies of
managing the components of inquiry
(stages of the process, handling vari-
ables, fair testing, summarising and
reflecting). Posters and worksheets
(adapted from material of the CSME
Leicester) to support the inquiry
process were printed and distributed.
Special care was devoted to show
how to progressively develop inquiry
skills from kindergarten (or grade 1) to
grades 5 and higher. Teachers report
that typical “inquiry” in the classroom

TEACHERS IN A CPD WORKSHOP. demands 4 lessons, at least for the
© UNIVERSITY OF LJUBLJANA beginners.

A single afternoon workshop enables teachers to become familiar with the experiments, use of equipment and
contextual background. Didactic materials provided make the implementation in the classrooms easier, and
those teachers, who attended workshops, were provided with experimental equipment for pupils to borrow.
This was also the most cost-effective option.

Besides primary teachers, kindergarten teachers were also part of the programme right from the beginning. As
attitudes towards science are believed to be formed at a very early age, extending to preschool ages seemed
to be more than appropriate. Special workshops (and experimental kits) were prepared for them, but many
kindergarten teachers attended “primary school” workshops, too. The emphasis of units for pre-school age
is on developing skills, necessary later for inquiry-based learning (asking questions, observation, describing,
explaining, comparing, sorting, data handling, manipulating objects and equipment).

Initially the activities were limited to one city, Ljubljana. Teachers from other towns heard and read about the
activities, attended the workshops, and borrowed the equipment. Subsequently they wanted to implement
the programme in their towns, because the head teachers realised that the involvement was beneficial for the
pupils and teachers as their attitude and self-confidence in science improved. Representatives of the Board of
Education also supported the activities. The City Council of Kamnik decided to buy a complete set of experi-
mental equipment for their schools and to establish a material centre, thus becoming the second city involved
in Slovenia.

Meanwhile the number of the teachers involved grew in Ljubljana, making it necessary to establish a second
material centre in Ljubljana. The one located in one of the primary schools for in-service teachers is financed by
the Ljubljana city council. The second one remains at the Faculty of Education to run the workshops. Recently a
third city, Kranj, also wanted to have a centre and actually joined the Fibonacci project with local support.

The increased number of teachers who wanted to be involved provided good feedback for the team, although
it also meant coming across unforeseen difficulties. The team was too small to provide Continuing Professional
Development (CPD) to the desired amount. Our faculty did not have enough free facilities to host it. Adapting
the boxes became too time-consuming to be managed by only one person. Material and logistic support by local
authorities proved to be essential, and it is also a key to sustainability.

As a result of support from the educational committee within the city councils, the operation of the material
centres was entrusted to experienced teachers, who were personally involved in the project and devoted to the
common idea. Storage and renting is provided by the schools, which take active partin the project, and are paid
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for from the city budgets. Cooperating with local business enabled us to make experimental kits available for all
Slovenian schools to buy. Meanwhile the programme went viral throughout Slovenia; 150 other schools bought
sets of the experimental equipment. The didactic materials are freely accessible on our website. Inquiry is now
explicitly mentioned in the new Slovenian curricula for science as one of the obligatory approaches to teaching,
which is also a result of the Fibonacci project’s activities.

Evaluation and assessment

The evaluation of the Fibonacci project in Slovenia was conducted on several levels. Monitoring the develop-
ment and follow-up of the Fibonacci project was done by external evaluators (EDUCONSULT). An internal eval-
uation was conducted to assess the teachers’ motivation to join our project.

Evaluation plays an important role in developing and
improving our experimental kits. Additionally, we
carried out formative assessment by observing the
teachers in their classrooms and by teacher reports. The
feedback of teachers is crucial for the development and
improvement of materials, resources and the CPD. This
is an on-going process throughout the project duration.

A third aspect of the evaluation focused on the learning
outcomes of the pupils. This was necessary to ensure
the support of this new approach of science teaching by
the head teachers, educational authorities and parents.
It also heightened the self-confidence of the teachers.
Pre- and post-tests were carried out on a small group in FIGURE 16: KEEPING A NOTEBOOK.
order to study the cognitive achievements of the chil- © UNIVERSITY OF LJUBLJANA
dren. The acquired knowledge was comparable with a group which was not involved in inquiry-based learning,
but improvement in attitudes towards science lessons was frequently reported by the Fibonacci teachers.

Research conducted at the Faculty of Education shows, that providing teachers with tools for evaluation and
assessment of the progress of their pupils is crucial for the success of implementing this new approach to
teaching. Furthermore, it turned out that the assessment of the achievements of the pupils also determines the
nature of teaching®*. With inquiry-based science education, the focus of learning changes from strict content
knowledge (which can be assessed with paper and pencil only) to include competencies and process or inquiry
skills. To address these skills, examples of assessment tasks were added to each unit.

~

Lessons learnt:

* Units and didactic materials have to match the local curriculum.

* Familiar and ready-to-use equipment encourage teachers to take a first step.

* Teachers are at the heart of a reform, but teaching is only the beginning. Evaluation and assess-
ment are equally important. Providing teachers with tools for evaluation and assessment on the
progress of their pupils is crucial for the success of implementing the IBSE approach.

¢ Pupils’ (summative) assessment determines the nature of teaching.

* CPD programme development requires feedback to evolve in the right direction.

S * Material and logistic support by local authorities is essential, and it is also a key to sustainability.

51 Razdevsek Pucko, C., 1995. Opisno ocenjevanje: teoreticna izhodisca in prakticni napotki za opisovanje dosezkov pri posameznih
predmetih.Only in the Slovenian language.
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Links

AMSTI, Alabama Math, Science, and Technology, USA. Initiative: http://www.amsti.org/
Danish Legislation: https://www.retsinformation.dk/

Ein Beutel voller Experimente, University of Bavaria: http://em.uni-bayreuth.de/mathebeutel/
Experimentarium, Physics museum of the Université Libre de Bruxelles: http://www.experimentarium.be
FAST Project: http://www.hawaii.edu/crdg/sections/science/documents/fasteval.pdf.
Greenwave Project: http://www.greenwave-europe.eu

IMST Project: http://www.imst.ac.at

La main a la pate Project: http://www.fondation-lamap.org

NTA programme (Science and Technology for all), Sweden: http://www.nta.kva.se/In-English/
Pollen, EU project: http://www.pollen-europa.net/

Research Centre for Learning Science (RCLS), China: http://rcls.seu.edu.cn/en/

Ruka u testu project, VINCA institute, University of Belgrage: http://rukautestu.vinca.rs
Scienceduc, EU project: http://scienceduc.cienciaviva.pt/home/

Sinus bavaria booklet: http://sinus.uni-bayreuth.de/math/ISB_SINUS_Bavaria.pdf

Sinus International: http://www.sinus-international.net

Sinus Transfer Project: http://www.sinus-transfer.eu

TuWaS!-project of the Freie Universitat Berlin: http://www.tuwas.fu-berlin.de/

Twenty First Century Science Project: http://www.twentyfirstcenturyscience.org/

University of Ljubljana, Faculty of Education: http://www.pef.uni-|j.si
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Summary

This booklet aims to support entities who are interested in setting
up, developing or expanding a Centre for Science and/or Math-
ematics Education (CSME), which takes inquiry-based education
to the classrooms of the local schools at a city, district, county, or
regional level.

The booklet comprises two parts. Part| provides an organisa-
tional framework for establishing and coordinating a CSME. The
framework comprises strategies and recommendations as well as
lessons for practice in seven strategic work areas:

* Involving the Community

 Providing Teacher Professional Development
* Creating and Promoting Teacher Networks

° Giving Teachers Access to Resources

» Cooperating with Other CSMEs

* Programme Assessment

* Programme Management

Partll includes nine selected profiles from CSMEs that were
involved in the Fibonacci project (www.fibonacci-project.eu)
from 2010 to 2013. These profiles provide an overview of how the
strategies and recommendations described in Part | can be imple-
mented, adapting them to specific cultural, political, and educa-
tional contexts. Lessons from practice are also drawn from each
of these initiatives. An overview of the specialities of other CSMEs
that took partin the Fibonacci project is provided in ANNEX 1, thus
giving the reader the opportunity to identify and contact potential
collaborators.

CONTACT DETAILS

Fondation La main a la pate
1 rue Maurice Arnoux
92120 Montrouge - FRANCE
+33 (0) 1 58 07 65 97
Fibonacci@fondation-lamap.org

WWW.FIBONACCI-PROJECT.EU




