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About this report

This report has been produced by work package 2 of the S-TEAM project, following the programme
of national workshops conducted between July and December 2009 in the S-TEAM partner
countries. It fulfils S-TEAM deliverable 2a (preliminary report from Work Package 2) and includes
material (Section Two), which is common to WP2 and WP3. Staff members from both work
packages have collaborated on its production. In Appendix Two, we have included some additional
material from current literature reviews in Work Package 6 to provide further background to some
current S-TEAM activities and themes. These are relevant to future S-TEAM work with Teacher
Professional Development.
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Summary

This report shows that the Bologna process has introduced a tendency in initial teacher
education towards a five-year masters-level qualification throughout Europe. Senior
secondary teachers usually start their studies with a subject specialization followed by
pedagogical training. On the contrary, primary teachers seem to be generalists with little or
no subject specialization. Generally, the status of secondary teachers (with respect to
salaries, appreciation by the general public, etc.) seems to be higher than the status of
primary teachers.

In many European countries, IBST is included in science teacher education but not
necessarily as described in the S-TEAM definition. However, on a national level usually no
specific directive exists.

National and local curriculum frameworks for science in schools do place an emphasis on
both the products and processes of science. In national workshops, however, we heard that
when teachers implement the science curriculum, they seem to lack the necessary skills to
incorporate IBST ideas into their teaching methods.

Few (if any) national strategies for teacher professional development (TPD) of science
teachers could be found. Where countries have national institutes for TPD, there seems to
be little emphasis placed on science TPD. TPD is usually offered by the universities and other
providers in the form of short, stand-alone courses focusing on content knowledge (what to
teach) rather than combining content knowledge and teaching methods thus enabling
teachers to create good and efficient opportunities for student learning (how to teach). It is
missing the important features of efficient TPD found in the literature and implemented in
the SINUS model: collaborative, school based, long-term, linked to the curricula, and
focusing on student learning. In almost all countries, there is an astonishing gap between
the importance of TPD for implementing educational change and the lack of effective and
sustainable models for TPD.

Countries reported that new teachers are more likely to adopt the culture of their schools
and hence the “traditional” teaching approaches rather than to introduce innovative
teaching methods as learned from initial teacher education. This is attributed to the lower
status of the new teachers coming into an established social structure and their lack of
experience compared to colleagues. This stresses the need for an effective TPD system
where goals need to be closely connected to the goals of an up-to-date pre-service teacher
education. In addition, an effective TPD system must also be closely linked to the culture of
schools, including support by leadership and time for reflection between teachers.



S-TEAM Deliverable 2a Preliminary report January 2010 Page 2 of 112

Introduction

This report will present an overview of science education policy with respect to the structure and
quality of schooling as well as pre-service and in-service teacher education within the 15 European
countries participating in the EU-project “Science-Teacher Education Advanced Methods (S-TEAM)”.
The information in this report was partly provided through a questionnaire with open questions that
was jointly developed by S-TEAM work packages 2 and 3. This questionnaire was administered to the
national S-TEAM partners who are regarded as experts in the field of science education. Additional
information was gathered during one- to two-day seminars (or ‘national workshops’) that were
organised by the national partners in the respective countries. The seminar participants came from
different areas concerned with educational policy in general and teacher education in particular,
such as Ministries of Education, teacher and science education institutions, industry, trade unions,
parents associations etc. The seminars generally comprised two parts. In part one, work package 2
provided an overview of European educational policy and best practice in science education with a
special emphasis on inquiry-based science teaching (IBST). In part two, work package 3 presented
the German SINUS model as one successful approach to teacher professional development (TPD)
and initiated discussions as to whether components of this model might potentially be used to
improve TPD in the respective countries.

This report describes the starting point of the S-TEAM project and first reactions in the participating
countries following the national seminars. A common understanding shared by the project partners
is that we have to make fundamental changes in the way we educate science teachers (pre-service
and in-service) in order to achieve improved outcomes of science teaching in schools. Research-
based knowledge and expertise gathered in the S-TEAM consortium will provide a direction for
change in participating countries. During the next two years we will continue to work on
implementing these ideas.

About school quality

Theoretical goals and desired outcomes of science education as outlined e.g. in national curricula
might — and very often do — differ from the actual way of teaching in the classroom and the scientific
knowledge and competencies actually acquired by students. Since the S-TEAM project is not funded
to carry out large-scale quantitative studies, it requires existing indicators or instruments to measure
the quality of schooling in the participating countries. The PISA 2006 assessment of scientific literacy
was therefore chosen as an indicator for the quality of science education®. With the exception of
Cyprus, all S-TEAM countries participated in PISA 2006. It has to be kept in mind, however, that PISA
is based on a clearly defined framework of scientific literacy that undoubtedly covers important
aspects of science education but should in no way be regarded as comprehensive and the only
benchmark or criterion.

The PISA data are scaled to an OECD average of 500 score points and a standard deviation of 100
score points. In addition to mean values in science performance and gender differences, PISA also

! See: http://www.oecd.org/document/2/0,3343,en 32252351 32236191 39718850 1 1 1 1,00.html
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reports distributions of students to so-called proficiency levels that allow for a more detailed
description of the knowledge, competencies and skills students possess. Whereas the high-
performers are located at proficiency levels 5 and 6, students at proficiency level 1 or below show
such a low science performance that they are heavily in danger of not being able to participate
actively in life situations related to science and technology.

About inquiry

A project involving countries from all over Europe faces the challenge of developing a common
terminology and a common understanding of its basic ideas. Although the roots of IBST as the main
approach to improving science teaching and learning in S-TEAM lead back to the early 20" century
(Minner. Levy & Century, 2009), the seminars showed that no common definition currently exists at
a European level. In many of the participating countries appropriate translations of the term in the
national language were not found. In S-TEAM the following definition of IBST given by Linn, Davis
and Bell (2004) was chosen as a common basis for discussion:

[Inquiry is] the intentional process of diagnosing problems, critiquing experiments, and

distinguishing alternatives, planning investigations, researching conjectures, searching for

information, constructing models, debating with peers and forming coherent arguments.
The S-TEAM proposal described inquiry-based science teaching as being characterised by activities
that engage students in:

e authentic and problem based learning activities where there may not be a correct answer

e acertain amount of experimental procedures, experiments and "hands on" activities,
including searching for information

e self regulated learning sequences where student autonomy is emphasised
e discursive argumentation and communication with peers ("talking science")

The existence of working definitions of inquiry or IBST is not in itself sufficient to begin the process
of change in science education. Science teachers need the confidence to allow what McNally (2006)
calls “loose opportunism in the classroom”. In other words, they need to be open to changes in the
direction of activities, or to be able to discuss topics which may be outside the lesson plan or the
curriculum itself. This confidence might be acquired through experience, but it would be much more
effective to develop it through professional development activities.
S-TEAM begins from the assumption, which the national workshops have confirmed, that there is a
lack of professional development activities aimed specifically at improving the teaching of IBST. In
order for such activities to be provided in national contexts, there is a corresponding need for
materials to be available which address the foundational concepts of IBST. These concepts include:

e Argumentation and the use of evidence

e Scientific literacy

e Dialogic teaching

e Nature of Science
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e Teacher collaboration in curriculum and pedagogical development

e Student motivation and inquiry
All the S-TEAM partners have previously been working in areas related to IBST and the project
provides a major opportunity to combine their experience and knowledge into a coherent
framework. The current phase of the project has been concerned with gathering data and the views
of key players on the situation regarding IBST in their own countries. The next phase involves the
production and adaptation of the S-TEAM materials on the basis of information from the national
workshops, feedback from teachers/teacher educators and the incorporation of current research
including results from current or completed projects in the same field. Section Three demonstrates
the considerable range of literature on which the S-TEAM materials will draw. The final phase will
involve the dissemination of materials into the national contexts.

About Teacher professional development

Given the rather fragmented nature of TPD across the European countries represented in S-TEAM,
and elsewhere?, it is not possible at this stage to propose or implement a single method of
introducing the S-TEAM teacher development materials into the countries involved. Itis, however,
possible to suggest principles or models which would provide an overall context for their
introduction, or simply for better TPD generally. In a report for the Mind the Gap project, Lipowski
& Seidel (2009) come to similar conclusions:

Currently, the knowledge on teacher professional development is fragmented and nonspecific.
The European countries lack knowledge and evidence concerning the efficiency of traditional
approaches as well as new models for TPD and in- service training. While, for example,
traditional approaches to TPD often follow a top- down strategy and the sessions are organized
as stand-alone events, current practices of effective TPD follow the idea of teachers becoming
members of a community of learners (Jorde & Klette, 2008).

The SINUS approach to TPD is an example of this type of collaborative practice, which has been
extensively tried and tested in Germany (Prenzel et al 2009; Prenzel & Ostermeier, 2006; Ostermeier
& Prenzel 2005).

The individual country summaries later in this report demonstrate that possible improvements to
TPD will require negotiation with national training providers, teacher education institutions and
schools themselves, in order to give teachers the time and space to collaborate on developing
effective inquiry-based practice in science. The dissemination activities of S-TEAM will be planned
on a country-by-country basis to make the most of the networks initiated by the national workshops,
existing contacts and emerging policy agendas in science education.

2 See, e.g.: OECD (Organization for Economic Cooperation & Development) (2009) Creating Effective
Teaching and Learning Environments: First results from TALIS, Paris, OECD.
http://www.oecd.org/dataocecd/17/51/43023606.pdf
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Outlook and future developments

As a consequence of the S-TEAM project and the national workshops, actions have been initiated in
some member countries to bridge the gap between IBST and teacher professional development. In
Norway, a one-year project has started adapting the SINUS model to the situation and the needs of
Norwegian science teachers. Six school networks (or nodes), where teachers will work on a set of
five modules towards fostering the use of IBST in their classrooms, will be initiated. The Lithuanian
and Turkish S-TEAM partners intend to set up small trials with some schools in order to find out
whether the SINUS approach works with their teachers. In Spain the Ministry of Education intends to
translate basic information about SINUS into the national languages and discuss the model with
representatives from the autonomous regions. In Cyprus the Ministry of Education showed an
interest in a proposal on how to use the ideas of the model to enhance TPD in Cyprus. In Scotland
the objectives of S-TEAM are seen as coherent with those of the Science Action Plan® and we are
involved in discussions about future collaboration.

Based on the national seminars and the information provided in this report, the following tasks
should be addressed urgently:

1. Describe a framework for a model of sustainable TPD integrating the main results from

research

2. Adapt the framework to the particular situation in the partner countries who are willing to
initiate trial projects

3. Connect the work of implementing IBST in a particular country with relevant SINUS modules

4. Conduct small-scale trials of the national models, evaluate them, develop the models further
and show the results to stakeholders in all participating countries

It is our belief that these steps should help to raise the awareness of the importance of a national
strategy for TPD for science teachers.

S-TEAM future activity

S-TEAM has already outlined a set of actions, which can be adapted to carry out the above
programme, as per the S-TEAM Technical Annex (STAN). Specifically, in respect of item 1 above,
Work Package 2 will produce its final report in M33 (Jan 2012). This will extend the model of
sustainable teacher development described in this report and will provide a definitive basis for
future models of TPD. It will take into account the various trials and pilot implementations being
carried out under item 4 (above). These trials are not themselves part of the S-TEAM workplan,
given that S-TEAM is a coordination and support action (CSA), but will be conducted by relevant
national bodies as described in this report.

3 http://www.scotland.gov.uk/Topics/Education/Schools/curriculum/Actionplan
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In addition to the final report, we are currently in discussions with the ESTABLISH project led by
Dublin City University, with a view to jointly producing a second interim report incorporating their
findings from a similar exercise. This will be available in January 2011 and will provide us with the
possiblity of an annual review of IBST activity and status in an even wider range of countries.

In respect of items 2 and 3, Work package 3 will be responsible for adapting and connecting TPD
models with the relevant SINUS modules and SINUS or S-TEAM materials, as described under
deliverable 3b in STAN. Given the divergence of approaches described in the ‘countries’ section of
this report, it will not be possible to fit every SINUS module or S-TEAM ‘training package’ into every
national context. As with inquiry-based science teaching itself, the dissemination process of S-TEAM
is necessarily opportunistic, and has to take account of shifts in policy direction, new research
results, or simply the attitudes of key players to innovative practice.

As part of the dissemination process, Work Packages 2 and 3 will be hosting an international policy
conference in Glasgow (14-15 October 2010), which will report on progress towards sustainable and
effective models of TPD in the partner countries. The conference will also provide a further
opportunity for policymakers to engage in dialogue with teachers and researchers on the way
forward for IBST. Other FP7 projects in the field of IBST will be invited to participate, in order to
contribute to a long-term network of practice and policy in inquiry-based science education.
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Section Two: Country Summaries
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Cyprus

The Education System

Basic Structure of Schooling
According to the 2009 Eurydice summary of the Cypriot educational system:

Pre-primary education is part of Basic Education, which includes kindergartens and primary
schools. [...] Children between 4 and 5 years are obliged to attend either public kindergartens,
or community or private schools. Younger children between 3 and 4 years take up vacant
places in public kindergartens and pay fees as set by the Ministry of Finance. A number of
children are exempted partially or fully from educational fees.

Compulsory education in Cyprus starts with kindergarten at the age of 4 and encompasses primary
school (children aged 5-11) and general lower secondary school (ages 11 -15). Mathematics &
science are core curriculum subjects in compulsory school (Eurydice 2009). From the age of 15 to the
age of 18 or 19 (depending on type of education) pupils usually attend either general or vocational &
technical upper secondary education.

The following link gives a chart picturing the Cypriot educational system: http://www.dr-
bongardt.de/uni/bongardt/archiv/projekte/schule in europa/staaten/zypern.htm.

Information about Quality

Cyprus has not been participating in PISA. They have, however, participated in TIMSS from the
beginning of the study in 1995. In the 2007 TIMSS science assessment of students in 8" grade,
students in Cyprus (452 points) performed significantly below average. Girls reached significantly
higher competency values than boys.

The Teacher Education System

Initial Teacher Education (pre-service education)

The structure of the education system in Cyprus is very different within the various levels of
education. At the pre-primary and primary level (up to grade 6), teachers need to have a four-year
B.A degree in Educational Sciences which they can acquire from a (public or private) university in
Cyprus, a university in Greece, or a university abroad (with the possibility of taking some additional
courses from a university in Cyprus). Teacher students in pre-primary and primary education can
choose a ‘partial’ specialisation (language and literacy, mathematics, science, special education, art,
music or physical education) by selecting optional specialist courses from within the general syllabi.

At the secondary level (middle and high school) science teachers need to have a BA in the particular
area that they will be teaching (e.g., physics, chemistry, biology, mathematics, etc) and an additional
year of pedagogical studies as part of their pre-service education. The pre-service education at the
University of Cyprus (48 ECTS) consists of: 3 compulsory courses (12 ECTS); 1 restricted choice (4
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ECTS); 1 content knowledge course in the specific subject (4 ECTS); 2 courses in didactics of the
specific subjects (8 ECTS) and school practicum (20 ECTS).

Status of the Teacher Profession

The teaching profession in elementary education in Cyprus is a popular career choice and
competition for places in teaching programmes either at universities in Greece or at the University
of Cyprus (entry through the National Pancyprian Exams) is high, thus ensuring that the highest
achieving students are accepted to these programmes. The demand for student teaching positions is
due in part to the security (lifetime tenure once a teacher is appointed within the national education
system) and benefits (holidays, promotion, salary, and working hours) offered by the national
education system.

Recently, with the advent of three new, private universities in Cyprus offering nationally recognised
teacher education programmes, there has been a tendency to admit students with an average
general grade on their leaving certificate and with the successful completion of an interview only (no
admission exam is necessary). At the European University-Cyprus the lyceum leaving certificate
requirement is currently 17 of 20 points or higher for entry to the B.A. primary education course.

Teacher Professional Development-Models/Institutions

Teacher Professional Development (in-service education)

In Cyprus, official in-service training for the ¢.99% of teachers working in public schools is currently
offered primarily by the Pedagogical Institute of Cyprus, and to a lesser extent by the Inspectorate.
Courses are open to consultants and interdepartmental committees from the Ministry of Education
and Culture for support and feedback. The Pedagogical Institute offers professional training courses
to pre-primary, primary, secondary and vocational educators, through a series of optional seminars
after school hours (Georgiou et al., 2001). The seminars focus on school subjects, social and
psychological issues, educational research skills and information technology. Additionally, school-
based seminars are organised on specific topics of interest to the staff of a school by agreement with
the Pedagogical Institute.

The Pedagogical Institute also organises seminars, one-day workshops and conferences in
cooperation with the teachers’ unions and teachers’ associations of specific subjects (Pedagogical
Institute, 1999). The only courses offered by the Pedagogical Institute that are compulsory for public
educators, in agreement with the existing educational legislation and service schemes, are those for
teachers who have been promoted to administrative posts. In-service courses for educational
administrators focus on the theoretical principles of administration and school management, the
analysis of duties, effective practice and specific innovations.

Inspectors also offer short seminars that are mandatory for teachers. These seminars have a
consulting rather than a training character (UNESCO, 1997). In general, the training system seems to
be controlled by the Ministry of Education and Culture with limited school input. It is centrally
determined, supply-driven and functions on a purely individual basis, ignoring identified individual
and school needs.

The departments of educational sciences of various universities as well as some teacher
organizations sometimes offer seminars that are related to professional development of teachers at
different levels of education. The Learning in Science Group at the University of Cyprus has been
trying to provide at least one seminar or workshop per year that addresses current approaches to
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teaching sciences. Usually, the seminar is related to various research projects undertaken by the
Learning in Science Group and its local collaborators.

Status of Teacher Professional Development

The content as well as the organisational structures of the Cyprus in-service training do not satisfy
the needs of elementary school teachers to a great extent (Charalambous & Michaelidou, 2001). In a
similar mode, the Committee on Educational Reform (2004), in their report on the Cyprus
educational system, mentions that the ‘in-service programmes can only satisfy a rather limited
percentage of teachers (p. 238), while the Elementary Teachers’ Union identifies them as insufficient
due to lack of vision and planning (POED Work Committee for In-Service Training, 2004). Studies on
specific innovations such as ICT implementation also indicate problems in the provision of in-service
training and point to the need for different national professional development plans (Kanaris et al.,
1995; Charalambous & Karagiorgi, 2002). Finally, compulsory training programmes for teachers
promoted to administrative positions are also insufficient as they are not undertaken during the first
year in the promoted post but often delayed for several years, and the potential of administrators to
get involved in school development and improvement, which require expertise in these aspects, is
thus limited (Celikten, 2001; Theofilides et al., 2004).

Inquiry Based Science Teaching

Inquiry in the School Curriculum

The curriculum attempted to define a philosophy based on hierarchical-developmental views of
learning (mainly Piagetian) and a philosophical perspective of guided discovery. This approach
emphasises the engagement of students in discovering science concepts for themselves, guided by
careful planning and direction towards the desired objectives and conclusions. The current policy
statements on science reflect this view and show the emphasis of the new philosophy on both the
acquisition of scientific facts and principles and the implementation of scientific methods and skills.

Inquiry in Teacher Education

The degree to which IBST is introduced and developed in teacher education programmes depends to
a great extent on the lecturers of the courses who interpret and implement the curricula. There is no
directive from the Ministry specifically for IBST.

10
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The Czech Republic

Education System

Basic Structure of Schooling

Pupils attend compulsory school from the age of 6 to the age of 15 in the Czech Republic. It is
divided into two levels, the primary level from the first to the fifth grade, and the lower secondary
level from the sixth to the ninth grade. In the former, all subjects are usually taught by a generalist
teacher. In the latter, subjects are taught by teachers specialising in two subjects or, exceptionally, in
one (The Ministry of Education, Youth and Sports of the Czech Republic, 2009). Mathematics is a
core subject in both primary and lower secondary school, whereas the teaching of science subjects
(physics, chemistry and biology) starts in lower secondary school.

After the completion of compulsory education pupils may continue in upper secondary education,
usually from the age of 15 to the age of 19. In addition to general studies there are 12 fields of study
at upper secondary school, including mathematics and natural sciences. During the first three years,
mathematics and the science subjects (physics, chemistry and biology) are compulsory. In the fourth
and final year of upper secondary education, mathematics is still a core subject, but the teaching of
the natural sciences is optional for each school (The Ministry of Education, 2009).

Demographic processes have caused a decrease in the annual numbers of new schoolchildren,
leading to a relative over-abundance of schools in the Czech Republic. There are many schools for a
comparably small number of students in some regions. This leads on the one hand to there being
many very small schools, and on the other hand to growing competition between schools.

The following link gives a chart picturing the Czech educational system:
http://www.czechinvest.org/data/files/fs-10-bildungssystem-74-de.pdf

Information about Quality

In the PISA 2006 assessment of scientific literacy, students in the Czech Republic showed a
performance (513 score points) significantly above the OECD average. No significant gender
differences in performance were observed. The amounts of low- (at proficiency level 1 or below)
and high-performing students (at proficiency levels 5 and 6) are comparable to Germany. There are
significantly less low-performing students compared to the OECD average (15.5 % vs. 19.2 %) and
significantly more high-performing students (11.6 % compared to 9.0 %).

Almost 75% of students in the Czech Republic pass the matriculation exams. These exams are
school-specific. In the nineties, mathematics was removed as an obligatory subject in the final school
leaving exams. One of the reasons might be to allow as many students as possible to pass the exams
in the subjects seen as the most important for their professional life. A state matriculation exam is to
be introduced in the next school year.

11
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The Teacher Education System

There is great variability in teacher education programmes in the Czech Republic, as the universities
are quite autonomous and there are no national frameworks, except for recommendations
concerning the content of the programmes.

Initial Teacher Education (pre-service education)

According to the Ministry of Education, Youth and Sports of the Czech Republic, teachers for the
primary level usually have a four- or five-year Master’s degree from the faculty of education.
Mathematics is among the core subjects in this teacher education programme. As mentioned above,
teachers at the primary level are generalists, whereas teachers at the lower and upper secondary
level are specialists, usually in two subjects. To be a teacher at the secondary level requires a five-
year Master’s degree, often based on a subject oriented Bachelor’s degree. At the Master level the
courses are usually more focused on the pedagogical aspect. Training is also provided by the faculty
of education, but teacher training at other faculties can be concurrent or consecutive (Ministry of
Education, 2009).

Standards for the Quality of the Teaching Profession are currently being developed and are
supposed to be implemented in the years 2012-2015. An obligatory curriculum should then be
derived from the standards. At the moment the curriculum is regulated by the Accreditation
Commission.

Status of the Teacher Profession

In general, the situation for teachers in the Czech Republic is difficult. They are facing much
additional work with the introduction of the new curriculum; support is missing, resulting in low
motivation for new developments. Teachers often feel exhausted, partly due to the fact that they
are working in isolation. There is hardly any collaboration. To motivate them to adopt new ideas, all
stakeholders need to come together to negotiate how their goals might be reached without putting
additional workload on the teachers.

Teacher salaries are low compared to other professions requiring a university degree. Generally, it is
not the high achieving students who decide to become teachers.

There are movements in the Ministry to remove unqualified teachers (15% of all teachers) from the
teaching profession. A better approach might be to give these teachers opportunities to qualify
themselves. In the process, teachers should be given ownership of the changes.

Teacher Professional Development-Models/Institutions

Teacher Professional Development (in-service education)
Teacher Professional Development is rather loosely regulated. The Pedagogical Workers Act states
the duty of continuing further education (=TPD), but it is declared that this further education can be
provided by higher education institutions and other educational facilities, or by self-education.
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Generally, pedagogical staff who participate in further education are entitled to twelve working days
off per academic year and the headmaster should organise further education of pedagogical staff in
accordance with a plan of further education laid down after negotiations with a relevant trade union
body. There are 1,064 providers of in-service teacher education programmes and courses in the
Czech Republic. Money is available for TPD but at the moment it dissolves into a huge variety of
small and separate projects and activities.

Compulsory TPD content is required by Regulation No. 317/2005 Sb. only for teachers in special
positions like Educational Counsellor or Headmaster, or for teachers who are performing specialised,
teaching method related, or management activities like ICT coordinator, school education
programme coordinator, coordination of social pathology prevention etc. For these qualifications,
sets of aligned courses are provided by universities, otherwise individual courses are offered by
universities and other educational facilities accredited by the Ministry.

Status of Teacher Professional Development

As a coordinated system of in-service education does not exist, provision depends on local
conditions and may differ from school to school. Schools are trying to arrange for mentoring and
subject teaching committees on their own, and cooperation between schools is based on collegial
cooperation rather than systematic support.

The success of TPD is highly dependent on school planning of TPD in connection with local networks
comprising the regional schools administration, the local providers of in-service training, the local
Department of Czech School Inspection and the overall teacher community, including their
professional associations (association of teaching profession, associations of teachers of specific
subjects — e.g. association of mathematics teachers, etc.)

There is a serious lack of systematic TPD provision for different teachers’ needs, support of teacher
cooperation and mentoring for new teachers. Therefore legislative and financial changes are
necessary.

Moreover, it is important to see pre-service and in-service teacher education as a whole, as the
continuing development of what it means to be a professional teacher. This conception of lifelong
learning is also considered crucial by the Ministry.

There is a lot of current activity with respect to TPD under way in the Czech Republic. This is a crucial
situation because the opportunity for sustainable changes might easily be missed and may not recur
for some time. Therefore, a lot of effort should be put into promoting teacher professional
development now.

The workshop participants see a chance that some ideas from the SINUS approach might be adopted
in the Czech Republic. This will probably be piloted initially on a small scale (using the Pedagogical
Faculties and their partner schools) to produce some evidence of its effectiveness. The approach
might then be used e.g. to introduce the new standards for TPD.

Inquiry Based Science Teaching
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Inquiry in the School Curriculum

Video studies show that there is little IBST actually practised in classrooms in the Czech Republic.
The workshop participants felt that teacher education students should get more experience of this
type of teaching in their courses to be able to translate it into their teaching practice. It was stressed
that it is really important to find out why IBST is not taking place in the classroom. Video studies
might be a good way to identify typical features of IBST, analyse how classrooms operate and show
good or bad practice. It is important not only to think about what is hindering IBST but also how
teachers can be supported in enabling IBST to take place.

Inquiry in Teacher Education

Usually there is a mixture of approaches both in science itself and in subject didactics — some
courses have theoretical and practical parts, some are experience oriented (e.g. courses Basic
measurements | —IV in physics, field practice or biocenological* seminars in biology; in didactics these
are experience-oriented courses of school experiments). This mixture of approaches is also found in
mathematics. Teacher students learn the pedagogical and psychological background of IBST, and
they study and practice didactical techniques that will help them to introduce IBST in class, but not
to a sufficient extent. The mentoring of new teachers is necessary to support their readiness and
willingness to adopt inquiry-based teaching.

* The study of ecological communities and of interactions among their members
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Denmark

The Education System

Basic Structure of Schooling

According to the Danish Ministry of Education, compulsory education in Denmark includes both one
year of kindergarten or pre-primary education and nine years of basic education, in Denmark named
Folkeskolen, which equals primary education (grades 1-6) and lower secondary education (grades 7—
9). Most institutions offering basic education also offer a voluntary 10th grade. Children start their
basic education at the age of seven. The curriculum is comprised of three subject blocks: The
humanities, practical/art subjects and science. The science block consists of mathematics (all pupils),
science/technology (1st to 6th grade), geography (7th to 9th grade), biology (7th to 9th grade) and
physics/chemistry (7th to 9th grade) (Eurydice 2009).

After the 9th or 10th grade pupils can choose to continue with upper secondary education. General
upper secondary education is divided into four programmes, three 3-year programmes for pupils
with nine years of basic schooling and one 2-year programme for pupils with ten years of basic
schooling (Eurydice 2009). One of the core subjects studied at different stages of general upper
secondary education is science.

The following link gives a chart picturing the Danish educational system: http://www.dr-
bongardt.de/uni/bongardt/archiv/projekte/schule in europa/organigram/Danmark.gif

Information about Quality

In the PISA 2006 assessment of scientific literacy, students in Denmark performed within the OECD
average (496 score points). Boys reached significantly higher values (by 9 score points) than girls.
The amount of students at or below proficiency level 1 (thus showing a weak performance in
science) is slightly lower than the OECD average. There are, however, significantly less students at
proficiency levels 5 and 6 (6.8 % compared to an OECD average of 9 %), which means that there are
comparatively fewer high performing students in Denmark.

The Teacher Education System

Initial Teacher Education (pre-service education)

According to the Eurydice national summary on the educational system in Denmark (Eurydice, 2009),
teachers practicing at the Folkeskole (grades 1-9) complete a four-year degree at a university
college. A reform of the qualification programme for teachers in primary and lower secondary
school, which took effect in the academic year 2007/08, recommended that teachers at this level
should concentrate on two or three main subjects (lIbid). According to the Eurydice summary “the
reform also entails a general strengthening of the natural sciences, a general strengthening of the
didactic training, tighter admission requirements and compulsory attendance during the first year”.
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To teach in upper secondary school requires a Master’s degree. Teachers at this level specialise in
one or more subjects, and they undergo a specially organised postgraduate teacher-training course,
which has to be completed in parallel with teaching and takes one year to complete (Eurydice 2009).

Teacher Professional Development (in-service education)

According to the Danish S-TEAM partners it is up to the individual school to decide how much in-
service education each teacher can or should follow. There is no central budget for in-service
training, which means that each school has to finance it by itself.

Inquiry Based Science Teaching

Inquiry in the School Curriculum

Aspects of IBST are present in science education in Denmark, but it is not an explicit part of this
education and it is therefore difficult to entangle IBST from other parts of this education. Questions
about inquiry in the school curriculum are therefore difficult to answer and the presence of inquiry
in school seems to depend to a great extent on the individual teacher, and his/her chosen teaching
methods.

Inquiry in Teacher Education

This differs between the eight university colleges offering teacher education, as no standard
curriculum exists. Practical work is however a central part of the curriculum, but this is not explicitly
addressed as IBST.
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England

Education System

Basic Structure of Schooling

Compulsory education in England is divided into four key stages (KS) (see table below). The first one
includes grade one and two, for pupils aged 5-7. The second key stage includes grade 3 through 6
(age 7-11), and the third key stage includes grades 7-9 (age 11-14). In the first KS pupils are subject
to national tests and tasks in English and mathematics. In KS 2 and 3, national tests are arranged for
the subjects English, mathematics and science. In 10th grade some pupils take their General
Certificate of Secondary Education (GCSE), but most pupils take GCSEs or other national
qualifications in the 11th grade. From the age of 16 pupils may attend post-compulsory education.

According to the University of Bristol, science is taught generally at KS3 and distinctly at KS4 and A-
levels. Science is a part of a comprehensive educational model up to the age of 16. Specialization
starts in year 12, i.e. the first year of post-compulsory education.

Table: The Education system in England (Source: University of Bristol (Mind the Gap-project))

Age Stage Year Test/Qualifications
3-4 Foundations Reception n/a
4-5
5-6 Key Stage 1 Year 1 National tests and tasks in English and
6-7 Year 2 mathematics
7-8 Key Stage 2 Year 3 National tests in English, mathematics and
8-9 Year 4 science
9-10 Year 5
10-11 Year 6
11-12 | Key Stage 3 Year 7 National tests in English, mathematics and
12-13 Year 8 science
13-14 Year 9
14-15 | Key Stage 4 Year 10 Some children take GCSEs
15-16 Year 11 Most children take GCSEs or other national

qualifications
16-17 | Post-compulsory Year 12 Learning programmes leading to general,

education/or training (College year | vocationally-related and occupational
1) qualifications for example A-level,
17-18 Year13 vocational A level, NVQ, modern
18-19 (College year . .
2) apprenticeship
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The following link gives a chart picturing the educational system in England: http://www.dr-
bongardt.de/uni/bongardt/archiv/projekte/schule in europa/staaten/england.htm.

Information about Quality

The mean competency value in the PISA 2006 assessment of scientific literacy of students in England
is 516 score points which is significantly above the OECD average and comparable to the result in
Germany. Boys significantly outperform girls by 11 score points. Compared to the OECD average
there are fewer students at proficiency level 1 or below (low performers) and more students at
proficiency levels 5 and 6 (high performers).

The Teacher Education System

Teacher education in England is provided according to the key stages which the students want to
teach. According to the Training and Development Agency for Schools® (TDA), every teacher trains to
teach at least two key stages.

Initial Teacher Education (pre-service education)

Students who want to be a primary teacher, i.e. to work with children between age 3 and 11, will
train to teach all the national curriculum subjects. According to the TDA “primary school teachers are
expected to demonstrate a sound, basic knowledge of all the subjects in the curriculum for key
stages 1 and 2. A degree is required, though not in a specialised subject”.

Table: National curriculum subjects for key stages 1 and 2

Status Subject

Core subject English
Maths
Science

Non-core foundation subjects | Design and technology (D&T)

Information and communications technology (ICT)

History

Geography

Modern foreign languages (MFL)

Art and design

Music

Physical education

Source: TDA

Teachers at the secondary level, that is teachers at key stages 3 and 4 as well as at the post-
compulsory levels, specialise in teaching one or two subjects from the national curriculum. These
students should have a degree relevant to the subject they want to teach. The TDA offers a list of
examples of the way the degree subjects can relate to the curriculum:

> http://www.tda.gov.uk/
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Table: Degree discipline according to curriculum subject

National curriculum subject

Degree discipline

Design and Technology
(D&T)

Food science, engineering, electronics, home economics, product
design, textiles, jewellery and metalwork.

Information and
communications technology
(ICT)

Computer science, ICT.

Mathematics

Economics, mathematics, statistics and accountancy.

Modern foreign languages
(MFL)

Welsh, French, German, Italian, Spanish, Portuguese, Polish, Chinese,
Japanese, Arabic, Bengali, Gujarati, Punjabi, Biblical Hebrew and
other European languages.

Music

Performance studies.

Science subjects

Biology, marine biology, sports science, environmental science,
chemistry, physics and chemical engineering.

Religious education (RE)

Anthropology, citizenship, cultural studies, philosophy, theology,
Jewish studies.

Source: TDA

There are several ways of becoming a teacher in England. Firstly, students can train to be a teacher
by completing a Bachelor of Education or a Bachelor of Arts or Science with qualified teacher status
(QTS). Secondly those who already have a (subject) degree can train to be a teacher by obtaining a
postgraduate certificate in education or by attending school-centred initial teacher training. In

|ll

addition to these “traditional” forms of teacher education, people can train to be a teacher through

employment-based teacher training or assessment-based teacher training (TDA).

Status of Teacher Professional Development

(Note: due to the complexity of the English system, and the high profile of the relevant
government agencies, the English National workshop will take place in April 2010, after
which this section will be updated)

Lipowski & Seidel (2009) summarise the professional development situation in England as follows:

Lots of opportunities for teachers for PD:

Culture for Professional development

Long tradition of activity based science teaching

Close cooperation between science learning centers and universities
PD is semi-compulsory

Majority of courses are single day sessions

Main problems:

o Large number of institutions which offer PD -> difficult for teachers to choose
In-service-training is mostly based on the short term model

Strong focus on content rather than practical work

Very assessment driven culture in UK

Very content driven curriculum

O O 0O O0Oo

O o0 0o
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Inquiry Based Science Teaching

Inquiry in the School Curriculum

According to the University of Bristol® inquiry has been integrated in the national curriculum. For key
stage 3, the national curriculum addresses the importance of science education and learning goals
using IBST: The study of science fires pupils’ curiosity about phenomena in the world around them
and offers opportunities to find explanations. It engages learners at many levels, linking direct
practical experience with scientific ideas (problem based learning). Experimentation and modelling
are used to develop and evaluate explanations, encouraging critical and creative thought (hands-on
activities). Pupils learn how knowledge and understanding in science are rooted in evidence. They
discover how scientific ideas contribute to technological change — affecting industry, business and
medicine and improving quality of life. They trace the development of science worldwide and
recognise its cultural significance. They learn to question and discuss issues that may affect their
own lives, the directions of societies and the future of the world (argumentation and
communication).

More specifically, Key Stage 3 curriculum requires pupils to have:

1) Practical and enquiry skills

Pupils should be able to use a range of scientific methods and techniques to develop and test ideas
and explanations [problem based learning]; assess risk and work safely in the laboratory, field and
workplace; plan and carry out practical and investigative activities, both individually and in groups
(hands-on activities).

2) Critical understanding of evidence

Pupils should be able to obtain record and analyse data from a wide range of primary and secondary
sources, including ICT sources, and use their findings to provide evidence for scientific explanations;
evaluate scientific evidence and working methods [hands-on activities].

3) Communication

Pupils should be able to use appropriate methods, including ICT, to communicate scientific
information and contribute to presentations and discussions about scientific issues [argumentation
and communication].

Inquiry in Teacher Education

There are undoubtedly some CPD courses available in inquiry7, and there is also a framework
(Chartered Science Teacher) to encourage teachers to engage in professional development in
scienceg, although this is optional. What appears to be lacking is a systematic professional
development framework for enabling teachers to apply inquiry-based methods within the current
curriculum and assessment regime.

® The information is collected by the EU financed research project “Mind the Gap”, coordinated by the
University of Oslo. See Lipowski & Seidel (2009).
7 Known as “enquiry’ or ’investigation’ in e.g. the TDA database of professional development courses:
http://www.tda.gov.uk/teachers/continuingprofessionaldevelopment/find_cpd.aspx
® http://www.ase.org.uk/htm/cpd_services/csciteach/index.php
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Estonia

Education System

Basic Structure of Schooling

In Estonia compulsory or basic education is provided between the ages of 7-15/16. Those who do no
not manage to acquire basic education during this period are obliged to study up to the age of 17
(Eurydice 2009). Compulsory (basic) education includes both primary education (grades 1-6) and
lower secondary education (grades 7-9). Upper secondary school covers grades 10-12.

Estonia has a uniform curriculum for all levels of education. All pupils have science throughout
schooling (grades 1-12). At the primary level science is taught as an integrated subject. From grade 7
onwards, this changes to science subject studies, beginning with biology and geography and
introducing physics and chemistry at grade 8. At the upper secondary level pupils have to take one
course in chemistry, 5 in physics, 4-5 in biology and 4-5 in mathematics.

In 2010 the government is suggesting the establishment of separate upper secondary schools
(Gymnasiums) throughout the country. It is feared that this might impede the access of students
from rural areas to upper secondary education. Moreover, a new school law is proposed that will
reduce the number of obligatory subjects at Gymnasium level.

The subjects of the national final school leaving examinations (at upper secondary level) are chosen
by the students. They need to take 5 exams with only the mother tongue as obligatory. 70% of
Estonian students chose the academic line (compared to vocational lines).

The workshop participants felt that state exams are the best way to dictate teaching —they influence
content and teaching methods far more than national curricula. Teaching to the state exams is very
dominant in Estonia since the quality of a teacher is measured in terms of how many of his/her
students pass the exam (league tables).

The following link gives a chart picturing the Estonian educational system: http://www.hanse-

parlament.eu/mediabig/372A.pdf.

Information about Quality

Estonian pupils did well in the international studies TIMSS 2003 and PISA 2006. Estonian students
reach a mean competency value of 531 points in the PISA 2006 science assessment, which is
comparable to Canada and Japan and places them within the internationally top performing
countries. The number of pupils at or below level 1 in PISA is very low, well below the OECD average
—next only to Finland. Compared to this very low percentage, the number of pupils at levels 5 and 6
is, however, also comparatively low — although it is still well above the OECD average. No significant
gender difference is observed. Estonian pupils and teachers have a positive attitude towards
schooling, and it is said that education is the national religion in Estonia. On the other hand
comparative data show that Estonian pupils do not enjoy science and feel pressured by schoolwork.
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The Teacher Education System

The Estonian S-TEAM partners report that the Estonian teacher education for all school levels
consists of three parts: general studies; special studies; and general studies in educational science,
psychological and didactic studies and practical training. The studies build on “framework
requirements of teachers’ training” from the year 2000.

Initial Teacher Education (pre-service education)

There are two types of teacher education programmes in Estonia, class teacher education for those
wanting to practice in grades 1-6, and subject teacher education for teachers practicing in lower and
upper secondary school. In the former, professional and educational studies take place concurrently.
This programme leads to a Master’s degree equalling 300 ECTS with education as a major. Science is
included as part of this educational programme. The class teacher is qualified to teach in all subjects
at grades 1-6.

The subject teacher programme leads to a Master’s degree equalling 300 ECTS as well, but with a
major in the subject they will teach in school. Included in this programme are 60 ECTS of pedagogical
studies.

After having achieved their Master’s degree all teacher students have to complete an apprentice
year in school, also called the induction year programme (effective from 2004 on). During this year
they need to put together a portfolio to be examined, in order to obtain their final teaching
certificate.

Status of the Teaching Profession

It is generally accepted that the weaker students are the ones who choose teacher education in
Estonia. Nevertheless, teachers in Estonia have a very high level of content knowledge. Furthermore
Estonia is experiencing problems with getting enough physics and chemistry teachers at upper
secondary level, as recruitment to science teacher education is low. There are even financial
incentives from the government to foster science teacher recruitment.

Teacher salaries are generally not high in Estonia (below the country average). The overall working
time is 35 hours a week. Officially, a full workload in front of class means that there are 18-24
working hours in a week. However, there are teachers who do not teach their full workload, and in
some cases teaching may exceed 30 hours.

There is an accreditation scheme for teachers. There are five categories in the Estonian school
system, namely “teachers without qualification”; “novice teacher”; “teacher”; “senior-teacher” and
“teacher-methodologist”. Most teachers are at level 3 (teacher). From this level no fall back is
possible. Senior teachers (level 4) get a 10-15% raise in salary. This position is given for 3-5 years,
than they have to reapply. Authors of textbooks or members of exam boards can become nationally
acknowledged teachers — teacher methodologist (level 5). This position is also subject to

reconsiderations.

More than 20% of the science teachers in Estonia are older than 55, over 50% have teaching
experience of more than 10 years. These teachers are often not very open to new approaches and
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methods and heavily dominate the teaching culture in schools. In the educational system, the
influence of the former Soviet system is still visible.

Teacher Professional Development (in-service education)

In general, the system of TPD in Estonia is very heterogeneous and competitive. There is a
competition between universities and private providers for TPD courses. Science courses, however,
are provided mainly by universities. Tallinn University is a main provider of TPD courses. In theory,
teachers need to accumulate 160 hours in courses every 5 years as a part of their professional
development and as a prerequisite to move to another level. A minimum of 160 hours of
professional training is needed to secure the occupational grade of senior teacher and teacher-
methodologist. These numbers are controlled and a list of attended certified in-service courses is
stored in a central database at the Ministry of Education (EHIS) for each teacher. In practice,
however, this model seems to have little effect. Theoretically, 3% of the teaching staff salaries are
dedicated to TPD in any type of work, but schools have been known to appropriate the money for
other purposes.

Status of Teacher Professional Development

The programmes for teacher education and TPD are not very flexible in Estonia. This is problematic
for teachers without a teaching qualification who want to get a teacher qualification while they are
working full-time. Some of the TPD courses are held in the spring or fall break, but these are not
continuous and the quality is poor.

By implementing a new teacher education strategy in 2009 the situation should improve in the
future, but there is still a need for more inquiry based teaching approaches.

Inquiry Based Science Teaching

Inquiry in the School Curriculum

The science subject syllabi (2002) mention laboratory work, discussions and science-related project
work, which might be seen as ‘inquiry approaches’. They list a number of inquiry activities such as
“formulating hypotheses and verifying them through experiments”, “making scientific observations”,
and “communicating with other pupils”. Nevertheless, these activities are not very common in
Estonian science classrooms. Additionally, the science syllabi do not emphasise the role of science in

society and its relation to daily life.

New national curricula for basic and upper secondary education are to be implemented in the years
2011-2013 incorporating a list of practical science activities, laboratory work, and descriptions for
their implementation. They will hopefully strengthen the use of inquiry approaches.

Inquiry in Teacher Education

There are no special regulations or detailed official recommendations specifically relating to training
in scientific experimental/investigative skills for science student teachers in Estonia. Inquiry based
science is represented to some extent in the teacher education programmes.

23



S-TEAM Deliverable 2a Preliminary report January 2010 Page 24 of 112

Finland

"The teacher profession in Finland has always enjoyed great public respect and appreciation
(Simola, 2005). Teachers have independence in selecting the most appropriate pedagogical
methods. The teacher profession, especially at primary level, is also very popular and
teacher-education departments can select among the nation’s best students and highest
scores on university entrance examinations (Jakku-Silhvonen & Niemi, 2006)” (Lavonen and
Laaksonen, 2009)

Education System

Basic Structure of Schooling

From birth to the age of 6, children can attend day care centres or the like. At the age of 6, children
can attend pre-school classes in school, free of charge (Eurydice, 2009). About 90 % of 6-year-olds
participate in pre-primary teaching either in day centres (80%) or in school (about 20%) . Apart from
publicly provided services, the church and some voluntary organisations provide various teaching
services.

Compulsory education starts at the age of 7 and lasts for nine years. All compulsory education is free
of charge. Amongst the compulsory core subjects we find mathematics, physics, chemistry and
biology.

Students who have successfully completed compulsory education are eligible for general and
vocational upper secondary education. The National Board of Education decides on the general
objectives and core content for both general and vocational upper secondary education. Based on
the national core curriculum, each provider of education (i.e. municipality or other local authorities)
prepares the local curriculum. The compulsory subjects in general upper secondary school include
studies in mathematics and natural sciences. The core curriculum for students attending a vocational
institution includes mathematics, physics and chemistry. In primary school a tendency is observed to
concentrate on biology and leave out physics and chemistry when teaching integrated science.

In general, Finland has a very traditional way of teaching (teacher-centred, lecturing). This is,
however, the way Finnish students want their teaching to be.

The following link gives a chart picturing the Finnish educational system:
http://www.minedu.fi/export/sites/default/OPM/Koulutus/koulutusjaerjestelmae/liitteet/finnish e

ducation.pdf.

Information about Quality

According to Lavonen and Laaksonen (2009), “Finnish students got the highest score (563 points) in
the PISA 2006 scientific literacy assessment and the second lowest standard deviation (SD= score
points) between all OECD countries” (the latter meaning that the difference between high and low
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performing students is comparably small). This study also shows that variation between schools is
lowest in Finland among all OECD countries, in other words that schools are very similar in Finland
(Ibid). The PISA 2006 study also indicates that Finnish student’s performance profile is different from
any other country profile in that the “low achievers” have a high score compared to other countries.

According to the PISA student questionnaire Finnish students almost never plan their own
experiments, there is little debate in Finnish classrooms (debating is not part of the Finnish culture, it
is difficult for teachers to initiate classroom discussions) and the students are not interested in
learning scientific topics — the least interest is observed for inquiry activities. A multivariate
regression analysis shows a negative correlation between inquiry/debate and performance.

The Teacher Education System

Finnish universities are largely free to organise their teacher education programmes as they please,
but the Ministry of Education offers some national guidelines and the universities collaborate
between themselves. Hence, there are only minor differences between the universities.

Prospective subject teachers are selected using the results of the matriculation examination and an
entrance examination. The entrance examination has two parts: (1) a written test on the subject
(referring to the national framework curriculum) and (2) an interview. The interview aims to
indentify the student’s social and communication skills and motivation to become a teacher.
Additionally, it evaluates their perceptions of the teacher education programme.

Initial Teacher Education (pre-service education)

There are two teacher education programmes in Finland: one to become a class teacher and one to
become a subject teacher. Both lead to a master’s degree. The class teacher programme qualifies
students for teaching in primary school at grades 1-6 (i.e. pupils 7-12 years old). Hence, it appears as
if the class teacher students study nearly all of the subjects taught in primary school. Through the
subject teacher programme students are qualified for teaching at grades 7-9 (pupils 12-16 years old)
in lower secondary school and at grades 10-12 (pupils 16-19 years old) in upper secondary school.
Subject teachers typically have one major and one minor subject. Additionally, subject teachers have
some courses that make a connection between subject and pedagogy and they try to show the
difference between, for instance, physics as a science and physics as a school subject.

Class teacher education is organised at the department of teacher education in all universities. The
structure of a master’s degree of a class teacher is quite similar to the structure of the degree of the
subject teacher (see below). From the 140 credit points (cp.) allocated to education as a main
subject, 50 cp. can be considered as studies of the actual knowledge base like understanding of the
cultural, psychological and pedagogical features of teaching and instruction. As much as 70 cp. are
used for methodological studies. It is important that student teachers study quantitative, qualitative
and mixed methods to create a proper understanding of methodological issues in pedagogical
studies. A class teacher student carries out a master’s thesis (M.A.) of 40 cp. during these studies.
Conducting a research process of one’s own improves the relationship between the theoretical
knowledge base and practice, as well as bringing the perspective of a reflective practitioner-
researcher to teachers’ everyday work. In addition to the major studies in education, the class
teacher programme includes 60 credit points of subsidiary subject studies. Within these 60 credit
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points, 16 credits are allocated to studies in mathematics (7cp), chemistry (3 cp), biology (3 cp) and
physics education (3 cp). These studies focus on the pedagogical content knowledge of these school
subjects, based on previous studies in upper secondary school. In the basic courses on chemistry and
physics education, the focus is on the basic concepts and principles or models in science. One of the
aims within the courses is to help teacher students to understand explanatory models appropriate
for school pupils on certain developmental levels. Additionally, it is important that students
understand that physics and chemistry are experimental sciences with special characteristics as
school subjects. The contents to be studied are e.g., Newtonian mechanics, electric circuits, chemical
reactions, energy and thermodynamics as well as various skills, including laboratory and social skills.
Knowledge of mathematics, chemistry and physics education is also strengthened within teaching
practice modules included in the programme. Altogether 20 cp. are allocated to teaching practice
during the studies.

The education of subject teachers in mathematics and science is organised in co-operation with the
Faculty of Science and the Faculty of Behavioural Sciences as described in Figure 1 (Kaivola, Karpijoki
& Saarikko, 2004). Studies are divided into two parts: the subject is studied at the department of the
particular subject (e.g. Physics) and the pedagogical studies at the Department of Applied Sciences of
Education and in two Teacher Training Schools. These pedagogical studies give the students the
qualification necessary for teaching positions in all types of schools in their major and minor subject.
(Figure 1)

University of Helsinki

Faculty of Behavioural Faculty
Sciences of Science
University || Dept. of Dept. of Dept. of Dept. of
Training Applied Chemistry | Mathema- || Physical
Schools Sciences of tics and Sciences
Education Statistics
Masters level degree of a subject teacher

L| Pedagogical studies Subject studies ||

Figure 1 Organisation of subject teacher education at the University of Helsinki.

Students in subject teacher education programmes take a major and a minor in the subjects they
intend to teach in school. Typical combinations in so-called ‘mathematical subjects’ are mathematics
— physics, mathematics — chemistry, mathematics — computer science, physics — chemistry and
chemistry — biology. However, the students are free to choose other combinations of subjects, like
mathematics — home economics. In figure 2, a typical structure of a master’s degree for a subject
teacher is described and how credit points are allocated to master’s and bachelor’s level studies.

26



S-TEAM Deliverable 2a Preliminary report January 2010 Page 27 of 112

B Bachelor’s level (180 cp.JJ Master’s level (120 cp.f)

180

160

140 +— Masf[er-
thesis

120 1
100 7
80 7
60
40
20 7

Credit points

Major Minor Pedagogical Communication
Subject Subject studies and language
studies

Figure 2 Typical structure of a master’s degree of a subject teacher.

Basic studies in the subjects at the department of chemistry, mathematics and statistics, and
physical sciences are typically the same for teacher students as for other students at bachelor’s level.
Special laboratory courses are included in physics and chemistry programmes. Especially at master’s
level, there are special courses for teacher students. The subject teacher students can choose either
a pedagogical orientation, or a subject orientation for their master thesis (40 cp).

The workshop participants felt that teachers in lower secondary education do not get enough
pedagogy or learning theory courses in their training.

Status of the teaching profession

According to the PISA 2006 School Questionnaire data, 97.2% of Finnish schools reported that there
was no serious lack of physics, chemistry, or biology teachers (OECD average 81.9%). On average,
only 10% of full-time teachers in the participating schools did not have an appropriate qualification.
Consequently, in most of the schools there are highly educated and qualified teachers with an in-
depth subject matter and pedagogical knowledge. Since there are no inspectors, no national
evaluation of learning materials and no national assessment, teachers take much of the
responsibility for pupils’ learning.

Teacher autonomy is regarded as crucial by the workshop participants. Teachers should have the
opportunity to decide what works best in their classrooms.

Teacher professional development (in-service education)

In the 1970s there was a reform in TPD in Finland aiming at making it more coherent. Because of
some reluctance to compulsory in-service education, teacher associations offered in-service days
that were accepted by the teachers. After some years the attitudes of teachers towards TPD
changed. Today TPD seems to be quite well accepted.
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Status of Teacher Professional Development

In Finland municipalities and local education providers are in charge of TPD. The extent to which
IBST is incorporated into TPD depends on the individual provider. The list of necessary conditions for
continuous learning of teachers indicates that there is already a model for TPD, at least at Helsinki
University. Many of these conditions resemble features of the SINUS approach. Additionally, there
are projects in Finland that use teacher networks, as in SINUS. To put it in a nutshell, there seem to
be successful activities comparable to SINUS but sufficient funding for a more general use of the
model is lacking. There are no centralized evaluations of TPD in Finland.

It seems as if TPD in Finland should be more informed by research in the future, although the pre-
service teacher education courses are already research-based. Fields for further improvement of
TPD in Finland are the pedagogical use of ICT (that means using ICT to support learning), a deeper
understanding of the nature of science, and raising interest in science.

Inquiry Based Science Teaching

Inquiry in the School Curriculum

The following goals for inquiry are integrated in the national core curriculum:

In grades 1-4, pupils will learn to obtain information about nature and the environment by
observing, investigating and using a variety of source materials; to represent information about the
environment and its phenomena by different means; and to perform simple scientific experiments.

In grades 5-6, in physics and chemistry, the pupils will learn to make observation and measurements;
to weigh the reliability of the information; to make conclusions about observations and
measurements and recognize the causal relationships; to carry out simple scientific experiments
clarifying the properties of phenomena, as well as correlations. In biology the pupils will learn to
observe and investigate outdoors.

In grades 7-9, in physics, pupils should learn scientific skills, such as the formulation of questions and
the perception of problems; learn to make, compare and classify observations, measurements, and
conclusions; to present and test a hypothesis; and to process, present and interpret results; they
should learn to plan and carry out a scientific investigation; to formulate simple models and use
them in explaining phenomena, to make generalizations, and to evaluate the reliability of the
research process and results. The pupils should also learn to work and investigate natural
phenomena safely together with others; and to use various graphs and algebraic models in
explaining natural phenomena, making predictions and solving problems.

In chemistry the approach in grades 7-9, as in physics, is an experimental one. The starting point
here is the observation and investigation of substances and phenomena associated with the living
environment. The pupils’ progress from that point, to the interpretation, explanation, and
description of phenomena, and then to modelling both the structure of matter and chemical
reactions with the symbolic language of chemistry. The pupils will learn to work safely and follow
instruction; to use research methods appropriate for acquiring scientific knowledge, including
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information and communication technology (ICT), and evaluating the reliability and importance of
knowledge. The pupils should also learn to carry out scientific investigations and to interpret and
present the results.

In biology the instructional method in grades 7-9 must be inquiry-based learning to develop the
pupil’s thinking in the natural sciences. The pupils will get to know the principles of growing and
cultivating plants and take an interest in growing plants; learn to identify species, to appreciate
biodiversity and to take a positive stance towards its preservation; and they will learn to recognize
environmental changes in the pupils’ home region, to consider the reasons for them, and to present
possible solutions to problems.

An integrated approach to bring Finnish students in contact with modern science and scientific work
is to engage schools and industry, because industrial contexts can make science relevant. One of the
questions is how teacher training can promote this engagement. It is perceived by the workshop
participants that students should be made aware of the integrated nature of science. The pure
separated subjects — as they are taught at school — no longer exist like that in “real life”.

Stakeholders must be aware that there often is a conflict between what we want students to learn
and looking at teachers as professionals with schools as their workplaces (e.g. teachers might need
time for IBST, which they don’t have because they have so many other obligations).

Inquiry in Teacher Education

At the University of Helsinki, in the subject teacher education programme, in studies of general
education, student teachers are presented with the basic ideas of progressive inquiry. This
introduction is on a very general level. However, examples are typically provided from the science
point of view. In the physics and chemistry departments, there are courses on laboratory-based
teaching and learning. In subject studies the focus is on the empirical basis of physics and chemistry
concepts (guided inquiry) and during studies in education, the focus is more on open inquiry. In
mathematics education courses the emphasis is on problem solving in mathematics learning.
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France

The Education System

Basic Structure of Schooling

Education is compulsory between the age of 6 and 16. From the age of 6-11 pupils attend primary
education and from the age 11-15 they attend lower secondary education (Eurydice 2009). The
primary school curriculum concentrates to a large extent on the basic skills of reading, writing and
arithmetic.

At the age of 15, students can start upper secondary education for three years. Mathematics and
physics or chemistry and life and earth sciences are among the core subjects in the first year of
upper secondary education.

The following link gives a chart picturing the French educational system:
http://en.wikipedia.org/wiki/File:EducationFr.svg.

Information about Quality

In the PISA 2006 assessment of scientific literacy, students in France performed within the OECD
average (495 score points). No significant gender difference in science performance was observed.
Compared to the OECD average there are slightly more students at proficiency level 1 or below (low
performers) and slightly less students at proficiency levels 5 and 6 (high performers).

The Teacher Education System

Initial Teacher Education (pre-service education)

To enter pre-service teacher education in France requires a three-year university diploma in the
relevant subject, in this case in a scientific discipline or in mathematics. The teacher education then
follows a two-year programme so that every teacher has a five-year university degree. This is the
same for all teacher education programmes. The content of the training is however different for
primary teacher education and secondary teacher education, only some of the courses are in
common, for instance courses on the educational system.

Status of the Teaching Profession

It can be said that being a mathematics teachers has a certain prestige to it, as mathematics is seen
as a key subject for those pupils wanting a prestigious career. As for science teachers, their status is
not quite as elevated.
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There is no lack in the supply of secondary science teachers but in primary schools most of the
teachers have their degree in human sciences or French language/literature. The majority (60%) of
young teachers (<30 years) at the secondary level are female.

Teacher Professional Development (in-service education)

Teacher professional development is compulsory for primary school teachers and voluntary for
secondary school teachers. Each year a list of the possible training activities in a given region is
published, and the teachers register for these activities. A typical activity is a two-day workshop. The
number of TPD programmes is, however, very low compared to the number of teachers, and an
essential prerequisite to support continuous learning in the teaching profession is having enough
TPD programmes to offer.

Status of Teacher Professional Development
The French S-TEAM partners reported that it is necessary to improve the way France implements
TPD, but they did not specify how this should be done.

Inquiry Based Science Teaching

Inquiry in the School Curriculum
There is an inquiry and ICT oriented mathematics test in the Baccalauréat (examination taken at the
end of upper secondary school), but this has not yet been made compulsory.

Inquiry in Teacher Education

The official curriculum proposes something similar to inquiry based science. Inquiry based
mathematics is not represented in the teacher education programmes at the moment, but changes
are currently under development. The French S-TEAM partners also report that the use of IBST in
teacher education may vary according to the local teacher education programmes.
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Germany

Education System

Germany consists of 16 federal states (Lédnder), which are in charge of their own education systems.
Thus, Germany has 16 more or less different school systems. Whereas the structure of the individual
systems was quite comparable up until the 1970s, it started to be more complex when the
comprehensive school was added to the three already existing types of schools (Hauptschule,
Realschule, Gymnasium) in some of the federal states. Reforms within the last 10 years have
subsequently led to some diversity. Agreements between the federal states and the Federal Ministry
of Education ensure that despite differing regulations, examinations and certificates are recognised
between the federal states in order to allow people to move freely within the whole country.

Basic Structure of Schooling

Pre-school education in kindergarten is offered from age 3 to 6 and has to be paid by the parents.
There are public as well as private institutions. Sometimes, the third year of kindergarten is
organised as a pre-school year shifting activities from playing to learning.

Compulsory school lasts for nine years ranging from age 6 to 15. Primary education runs from grade
1to 4 (in two federal states to grade 6). Core subjects are language, mathematics and —as an
integrated subject — social and natural sciences (Sachunterricht). Lower secondary education
comprises grades 4 to 9 or 10. Core subjects are mother tongue, a foreign language and
mathematics. The sciences are obligatory, mostly taught as individual subjects (biology, physics and
chemistry) but regarded as minor subjects.

After finishing primary school the pupils are distributed to different types of schools having different
curricula, leading to different school leaving certificates and different career choices. The transition
to the respective school type should depend on the performance of the pupils. In half of the federal
states the decision follows the recommendation of the school, in the other half the parents decide.

On average, about 20% of German pupils join Hauptschule ranging from 0 to more than 30% in the
different federal states. This proportion has been decreasing for more than 50 years. Science topics
are mainly from biology and physics. On finishing Hauptschule after grade 9 (some federal states
have an optional 10th grade) with sufficient marks, pupils get a leaving certificate that allows them
to apply for vocational training in less prestigious professions.

On average roughly 30% of the pupils go to Realschule. This proportion has been quite stable since
the 1980s. Compared to Hauptschule more lesson time is devoted to science subjects. The leaving
certificate after grade 10 allows for applying for more prestigious jobs.

The Gymnasium is the only secondary school type present in all 16 federal states. Around 35% of the
pupils in Germany go to Gymnasium. During the last 50 years this proportion has more than
doubled. Attending a Gymnasium is the most promising way to move on to higher education and
academic careers. By now, all federal states offer the certificate of this school track (Abitur) after 12
years of schooling (formerly 13 years). It allows pupils to move to higher education and especially to
universities. Science subjects are compulsory throughout the lower secondary level. At upper
secondary level it is possible to choose between biology, chemistry and physics.
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About 16% of the students enter secondary schools offering more than one of the above-mentioned
certificates or having several tracks in one institution. In some of those, Abitur can be achieved after
13 years of schooling.

Theoretically, there exists the possibility to move between the different school tracks. Reality
however, shows that transfers are mainly directed downwards towards less prestigious school types.

Fig.1 The German Educational System
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Information about Quality

In the first PISA survey in 2000, German students performed within or even below the OECD
average, which was far worse than expected and caused a lot of uproar and discussion at the public
as well as at the policy level. In subsequent years, various actions were taken, e.g. a trend towards
more centralised examinations.
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For a long time, the development of examinations was the responsibility of individual teachers in
most federal states. In recent years there has been a trend towards more centralised examinations.
Additionally, the federal states agreed to implement and assess a system of national educational
standards for mother language, foreign language, mathematics and the sciences. The first standards
have been implemented since 2003 and assessments focus on three stages during schooling: grade 4
at the end of primary school, grade 9/10 towards the end of compulsory school. Standards for the
upper secondary level are being developed.

In the PISA 2006 assessment of scientific literacy, students in Germany reached a mean competency
value of 516 points, which was significantly above the OECD average and a significant improvement
compared to previous PISA cycles. There is no statistically significant difference between boys and
girls in science performance.

The Teacher Education System

Initial Teacher Education (pre-service education)

Universities and colleges are in charge of initial teacher education in Germany following guidelines of
the individual federal state. Pre-service education is undergoing substantial changes at the moment
due to the Bologna process. Study programmes differ between school types. The traditional system
offers independent teacher studies which include pedagogical and subject studies in differing
proportions depending on the type of school. The extent of pedagogical studies diminishes from
primary school towards Gymnasium. After four years of studying students have to pass a state
examination. The following second phase of teacher education (induction phase) takes place at
schools and so-called ‘seminars’ for two years and concludes with a second state examination.

Many federal states have moved to the BA/MA system or are in a transition state. All new courses
have to be accredited by one of 10 independent agencies to make sure that their structure and
content “meets common and subject specific standards”. There is a tendency towards the 3+2
model. Some federal states offer a common BA, some a BA that aims at a subsequent MEd only. The
two years of induction are retained.

Fig.2 Content of teacher studies (the example is from Hessen)

level or school type content also qualifies for
primary/Grundschule pedagogy and social sciences, grades 5 and 6 in all secondary
language, mathematics, fine arts, schools in the subjects studied

sports and one additional subject
(including subject didactics)

Haupt-/Realschule pedagogy and social sciences, two lower secondary level (grades
subjects 5-10) at Gymnasium

Gymnasium two subjects plus pedagogy and social | Haupt- and Realschule
sciences

Programme of educational studies at the University of Kiel (Gymnasium)
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Semester Topic CP/ECTS
1 philosophy and education or sociology for prospective teachers 5

2 teaching and learning | 5

3 pedagogical practical 5

4 basic didactics 5

5 didactical practical 10

7/8 teaching and learning Il 10

8 practical 5

8/9 psychology of teaching and learning 10

There are common complaints that pedagogical studies do not relate to subject studies for
secondary teachers. Additionally, the induction phase is often experienced as a praxis shock.
Sometimes prospective teachers are even told to forget everything they learned at university and
adapt to reality at school.

Status of the teaching profession

The status of teachers in Germany is generally high. They earn good salaries (esp. teachers at
Gymnasium) and are hired as public servants, which means that they have a secure post once they
are employed in a school. These conditions are sometimes said to favour less able students joining
the profession. On the other hand, there are studies indicating that teachers are highly motivated
towards working with young people, hold high ideals and are very enthusiastic.

Teacher professional development (in-service education)

The federal states have institutes for school and teacher education at their ministries of education.
Their tasks are to support and monitor the quality of schools in all respects. One task is offering TPD,
which is mostly free of charge. Universities, associations and private institutions are providing TPD as
well.

In general, TPD is mandatory in Germany. However, in many of the federal states the teachers
decide on how and when they do something for it (for instance, read a book). In addition, even
federal states which specify a set number of TPD courses do not impose sanctions on teachers who
are unwilling to participate.

Status of Teacher Professional Development

The courses are mainly short (a few hours on afternoons up to one day) and focus on the update of
subject knowledge, the implementation of new regulations or teaching methods. The offerings for
science teachers are seen as neither sufficient nor adequate. Some of the federal states are running
long-term courses, which are in part derived from the SINUS programme.

Besides SINUS there have been a few other large-scale TPD programmes in Germany, which were
jointly financed by the Federal Ministry of Education and the federal states. Due to a change in the
constitution such initiatives are no longer possible because the federal government lost its
responsibility for education.
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Inquiry Based Science Teaching

Inquiry in the School Curriculum

Germany has no national curriculum. At least there are 16 (federal states) x 4 (school types)
curricula. Some of them are quite traditional, i.e. they prescribe in great detail the content,
experiments and the methods of science lessons at each grade level. Sometimes influenced by
SINUS, but more by the national educational standards, curricula are currently changing towards a
competency orientation. Since epistemological questions (how knowledge in science is developed),
communication and assessment of scientific knowledge are three of the four competence areas,
many aspects of inquiry-based teaching have entered these new curricula.

However, classroom reality has still to follow the changes in the curricula and there seems to be a
lack of support for teachers to adopt and develop the required teaching style. Many teachers cite
the need to cover overcrowded curricula as a barrier to introducing inquiry-based methods.

In Germany there are more than 200 pupil laboratories, mostly at universities but also at research
institutions and major companies. They offer pupils from all ages — in groups or as a whole class —
the possibility to visit an authentic environment and conduct experiments. In some of them, pupils
are conducting real research.

Inquiry in Teacher Education

In initial teacher education seminars and practical trainings about experiments in schools are
included. Inquiry may also be a topic of didactical courses. Yet, courses on inquiry teaching are
supposedly rare.
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Israel

Education System

Basic Structure of Schooling

From birth until the age of 6 children may attend pre-primary education (kindergarten). At the age of
6, children start their primary education, which lasts for 6 years. In primary school, science is one of
the obligatory subjects with 2 to 4 hours of teaching hours per week.

From the age of 12, children start their secondary education, first in lower secondary or junior high
school from grades 7-9 and then at upper secondary school or high school from grades 10-12.
Science is compulsory in lower secondary, but becomes optional in upper secondary school. With
regard to the junior high school curriculum, this is reported to be very crowded in Israel. As a
consequence, there exists a difference between the formal and the practised curriculum.

The first table below shows the number of teaching hours in science for the different levels and the
number of science teachers for each level. The second table shows the number of students that
graduated in advanced science in 2008. There is some overlap between the groups in this second
table as one student may choose to graduate both in biology and in chemistry.

Science studies

Obligatory / No. of teaching hours per week | No. of teachers’

optional
Primary Obligatory 2-4 2500 (science and technology)
Junior high | Obligatory 3-4 4500 (science and technology)
school
High Optional Advanced (5 units): Biology: 1800
school 10" grade - 3 h' Physics:1500

11" and 12" -6 h' Chemistry:600

Number of students graduating in advanced science (5 units) in 2008™°

Subject No. of graduates %

All graduates 83866 100
Physics 7807 9.31
Chemistry 7392 8.81
Biology 11050 13.18

? Science and technology education (2006). Report to the KNESSET committee of science and technology.
www.knesset.gov.il/mmm (Hebrew).
10 Ministry of Education, Matriculation data center, 13.9.09
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Information about Quality

In the PISA 2006 science assessment, the achievement of the Israeli students (454 points) was well

below the OECD average. Approximately one third of the students reached competency values that
placed them at proficiency levels 1 or below. The amount of students at proficiency levels 5 and 6 is
5.2% compared to 9% on OECD average. There is no significant gender difference observed in Israel.

In general, the public attitude towards science and technology is very positive. Scientist, medical
doctor and engineer rank highest amongst the professions parents want for their children. 96% of
the population agree that it is very important to maintain a high level of science education in Israel.

The Teacher Education System

Initial Teacher Education (pre-service education)

There are four different teacher education programmes in Israel: Early childhood (ages 0-5); primary
education (ages 6-11); secondary education (ages 12-18) and special education (ages 6-21). The
threshold for acceptance to teacher education programmes was recently raised from 500 to 550
points at the psychometric exam (an average grade is about 530 points on a 200-800 scale).

The structure of the programmes of teacher training is outlined in The Guidelines for Teacher
Training approved by the Council of Higher Education. Institutions with curricula for teacher training
must complete compliance with these guidelines by the beginning of the 2010/2011 academic year.
According to these guidelines, teachers should have a bachelor’s degree in at least one major subject
taught in school and 30-36 credits in teacher education (pedagogy, didactics).

Even though all teacher education programmes have to be in accordance with the same guidelines,
there is no joint curriculum across all teacher-training programmes. The Israeli S-TEAM partner
Technion provides an example of a bachelor’s degree in Education in Technology and Science. At
Technion this is a four-year programme leading to a bachelor’s degree in education in technology,
science or mathematics, including a high school teaching diploma. The programme would typically
include courses required of all Technion students in basic science; departmentally required courses
in the discipline of specialization, in other related disciplines and in cognitive and social psychology,
educational foundations and general didactics; optional courses selected from a list prepared for
each area of specialization; pedagogical studies specific to the area of specialization, including
practice teaching; and a small number of courses freely selected by each student from the Technion
catalogue.

Regarding the content of science and mathematics courses, this can vary between the different
institutions. In general however, the education students are required to study the same courses as
the science/mathematics students. According to the workshop participants, there are huge
differences in the quality of teacher education between universities and colleges.
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Status of the Teaching Profession

There is a lack of chemistry and physics teachers in Israel. In biology, there is no shortage at the
moment but it is expected that there may be such a shortage in the future. If schools are unable to
find teachers for a specialist subject they can close down the subject and teach the other science
subjects instead.

Teacher Professional Development (in-service education)

In general, TPD is a very centralized system in Israel. All TPD programmes must be approved by the
Ministry of Education. Activities for science and mathematics teachers are mainly run by the
specialized National Teacher Centre (i.e. Biology at Hebrew University in Jerusalem, Physics at
Weismann Institute). Generally, TPD is voluntary, single courses, usually based on individual teacher
participation. Occasionally though, courses are organised for groups from the same school. Teachers
are required to participate in special TPD, such as programmes aimed at the introduction of a new
curriculum. The level of incorporation of IBST in teacher professional development varies greatly.
Some programmes are aiming at content knowledge or curriculum innovations, while others are
focusing on inquiry.

Status of Teacher Professional Development

Science and mathematics teachers who wish to develop professionally in Israel can usually find a
satisfactory programme. There is a wide variety of programmes, as well as distance learning
opportunities which makes TPD available for more teachers.

Inquiry Based Science Teaching

Inquiry in the School Curriculum
In Israel, IBST is not limited to science classes but is an issue in all subjects. A process from “science

III

for future scientists” towards “science for all” is already under way. A new subject called “Mutav”
(can be translated as “Science for all”) was implemented and is in the process of including inquiry
projects. IBST in Israel has been well established in high school advanced biology for more than 30
years. During the 1990’s IBST was partially introduced to junior high school science, as part of a

reform in science education in Israel. High school chemistry adopted IBST gradually during the last
decade. A great effort has been made by the Ministry of Education, aimed at adopting IBST across

more subjects and levels during the past three years.

Table 1 (overleaf) illustrates the place of IBST in the curriculum
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Table 1: IBST in science education: curriculum framework

Subject Level IBST in curriculum

Science Primary school (grades 1-6) Emphasis on inquiry skills, along with other
skills such as information skills and problem-
solving skills.

Science Junior high school (grade 7-9) Emphasis on inquiry skills, along with other
skills such as information skills and problem-
solving skills.

Biology High school advanced courses Emphasis on inquiry as core skills.

(grade 10-12) Obligatory unit*— Inquiry project.

Obligatory unit —inquiry lab experiments.
Obligatory use of inquiry science skills in the
matriculation exam

Chemistry Emphasis on inquiry as core skills. A
curriculum reform in 1999/2000 lead to less
topics and more thinking skills in the
curriculum

Optional unit: inquiry lab experiments. About
60 % of the students are participating.

Physics Inquiry is not mentioned, but learning skills in
the lab unit include experiment skills
(questions...)

Environmental Obligatory unit — Inquiry project
education

* One unit equals 90 teaching hours.

Teachers’ views of IBST/E were described in the Ministry of Education’s “Pedagogical Horizon” 2006-
2009 report.11 According to the teachers, the advantages of IBST/E were: students and teachers
enjoyment of learning and teaching, and better understanding of the subject. The difficulties of
IBST/E were: lack of understanding of the concept by teachers without inquiry experience, teachers
having trouble with the need to change their role from the "master of knowledge" to the guide of a
process, and increasing teachers' workload.

Inquiry in Teacher Education

Usually IBST is included as a basic approach to some of the science courses such as labs or science
seminars. The introductory science courses are mainly content focused and based on frontal (direct)
teaching. Regarding science education courses, there is usually no special course for IBST. Emphasis
on IBST is however, present in biology and chemistry teaching methods courses. This year, a new
course of IBST in biology teaching is being developed at the Technion.

! Report of education for thinking ("PEDAGOGICAL HORIZON"): Description, insights and recommendations
(2009). Jerusalem: Ministry of education — The pedagogical secretary. (Hebrew)
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The workshop participants feel that the amount of IBST in teacher education is not sufficient
because teachers have usually never done research on their own. Teachers must have experienced

IBST by themselves to be able to teach it to their students — generally, teachers themselves find IBST
approaches very difficult.
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Lithuania

Education System

Basic structure of schooling

According to the Eurydice national summary sheet on the education system in Lithuania, children
attend compulsory education from the age of 7 to the age of 16. Compulsory education consists of
primary education (ages 7-10/11) and basic education (ages 10/11-16).

After having finished basic education, pupils may start a two-year secondary education. This is
however not compulsory.

The curricula for both compulsory and secondary education are defined at the national level.

The following link gives a chart picturing the educational system in Lithuania: http://www.baltic-

education.eu/pdf/Lithuania_esystem.pdf.

Information about Quality

Students in Lithuania reached a mean competency value of 488 points in the PISA 2006 science
assessment, which placed them below the OECD average. The value is comparable to Latvia but
significantly lower than in Estonia (531 points). Approximately one fifth of the students were located
at proficiency levels 1 and below (which is comparable to the OECD average) whereas the amount of
high-performing students (at proficiency levels 5 and 6) was (at 4.9%) significantly smaller than the
OECD-average (9%). In Lithuania, girls reached significantly higher competency values than boys.

In addition, national tests have shown a decrease in science performance over the last few years.
About 40% of the students in grade 6 reported that they had never performed an experiment by
themselves, almost 20% had never even seen the teacher perform an experiment. In general, there
is little practical work and discussion in Lithuanian classrooms, and the instruction is very teacher-
centred. The ministry wants science instruction to be more activity based.

Regarding students’ subject choices, a lack of students in science and mathematics is observed.

The Teacher Education System

Initial Teacher Education (pre-service education)

In Lithuania, pre-primary, primary, lower secondary and upper secondary school teachers receive
initial teacher education through non-university or university courses lasting respectively from three
to four years at non-university studies and four years at university level. They have to complete a
Professional Bachelor’s degree or Bachelor's degree and acquire a professional qualification. In some
cases Professional Bachelors or Bachelors may follow an additional one-year course to acquire a
professional teacher’s qualification (Eurydice 2009).
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With regards to science and mathematics teacher education, there exist several programmes. The
major one is presented by Vilnius Pedagogical University, but Vilnius State University and Kaunas
Technological University offer science and mathematics teacher education as well. The latter offers a
special programme called “Pedagogic” for engineers wanting to qualify for a teacher certificate. In
general though, the teacher education programmes are more or less the same across universities.

Status of the Teaching Profession

In the opinion of the workshop participants, teachers in Lithuania are not motivated independent of
the teachers’ age or education. The teacher profession is not attractive due to low salaries, the
instability of the educational system in Lithuania and the fact that teaching is perceived as hard
work. The thinking structure of Soviet times still remains in the system: Natural sciences are
perceived as “hard” sciences in contrast to the “soft” social sciences. Since the school leaving
examinations require the reproduction of factual knowledge, teachers feel that they do not have
time for innovative methods. This reflects a general tendency in science education to teach only
what we know — we should, however, put more emphasis on how this knowledge was achieved.

Teacher Professional Development (in-service education)

In general, the situation in Lithuania is problematic at the moment since some reorganisation is
taking place. Formally teacher professional development (TPD) is voluntary in Lithuania. However,
every five years teachers have to go through an accreditation process. This motivates them to
develop their own professional competence. The Lithuanian Ministry of Science and Education is in
charge of TPD, and they organize different types of TPD courses. There are also programmes for
professional development funded by the EU.

Status of Teacher Professional Development

Lithuanian teachers evaluate the professional development courses positively. However, it is
reported from the Lithuanian S-TEAM partners that teacher professional development should be
more directed towards active teaching and learning methods such as IBST.

Lithuania plans to implement a small-scale project based on the SINUS approach. Two school
networks consisting of 2-3 schools each should be established in Kaunas and Vilnius. The two
networks will be connected through colleagues from the State Institutes. They are going to have 5-6
teachers at each participating school. After recruiting the schools (there already exist school
networks in Lithuania that might be used), the idea is to bring together politicians from the Ministry
of Education, school principals and people from the municipalities to agree on more freedom and
support for teachers.

Inquiry Based Science Teaching

Inquiry in the School Curriculum

An analysis of science education in Lithuania shows that 41 % of the students up to grade 6 have
never done research or experiments by themselves, and 21 % have never even seen the teacher
performing an experiment. Practical work, according to this analysis, is often performed by the
teachers, whereas the students are only passive observers. There is not even much discussion in
these courses. The Lithuanian Ministry of Education has, however, recognized the need for change,
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and expressed a wish for science education to be activity-based; to deal with real life problems and
for students to be motivated to perform experiments on their own.

Inquiry in Teacher Education

IBST is getting more and more popular among Lithuanian science and mathematics teachers. As a
teaching method it is included in the didactics curriculum in teacher training programmes. Topics as
IBST furthermore are constantly developed and analyzed during teacher professional development
courses.
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Norway

The Education System

Basic Structure of Schooling

In Norway pupils attend 10 years of compulsory education, from the age of 6 to the age of 16. This
includes both primary education (grades 1-7) and lower secondary education (grades 8-10). Among
the mandatory subjects at these levels we find mathematics and natural science.

At the age of 16, after having finished compulsory education, pupils may start their upper secondary
education, choosing the academic/general programme or the vocational programme. The former is a
three-year programme qualifying students for acceptance to higher education. Pupils attending the
vocational programme who would like to qualify for higher education may either attend a fourth
year or change programmes after the second year, and follow supplementary studies the third year.
Norway has a national curriculum for grades 1-13.

Mathematics is compulsory both the first (Vg1) and the second (Vg2) year of the general upper
secondary education programme. According to the mandatory guidelines there are two
mathematics subjects for Vgl and Vg2; curriculum T and curriculum P. The former is more
theoretically oriented, whereas the latter is more practically oriented. Natural science is compulsory
only for the first year (Vg1). For the second and third year the natural science subjects are elective
and go from being integrated subjects to being organized according to discipline (biology, chemistry,
physics and recently earth science/geology).

For those pupils choosing a vocational upper secondary education, mathematics and natural
sciences are obligatory in the first year. However, the curriculum is not the same, as these pupils
have three fifths of the mathematical curriculum for Vg1P or Vgi1T and only parts of the natural
sciences curriculum for Vgl.

The main subject areas in mathematics and the natural sciences are listed below, as well as tables
showing the number of teaching hours in the two subjects.

In the mathematics subject curriculum the following subject areas are listed according to levelt2
(table 1).

2 http://www.udir.no/Artikler/ Lareplaner/ english/Common-core-subjects-in-primary-and-secondary-

education/
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Table 1: Main subject areas in mathematics

Year Main subject area

1-4 Numbers Geometry Measuring Statistics

5-7 Numbers and Geometry Measuring Statistics and
algebra probability

8-10 | Numbers and Geometry Measuring Statistics, probability Functions
algebra and combinatorics

VgiT | Numbers and Geometry Probability Functions
algebra

Vg1P | Numbers and Geometry Economics Probability Functions
algebra

Vg2T | Geometry Combinatorics and | Culture and modelling

probability
Vg2P | Numbers and algebra in practice | Statistics Modelling

The Mathematics Subject Curriculum lists the number of teaching hours at the different levels as in

table 2 (given in 60-minute units).

Table 2: Teaching hours mathematics

Primary school (year 1 to 7)

812 teaching hours

Lower secondary school (year 8 to 10)

313 teaching hours

Upper secondary education (academic or
general education programme)

Vg 1: 140 teaching hours

Vg2: 84 teaching hours

Upper secondary education (vocational
education programme

Vgl: 84 teaching hours

Supplementary studies qualifying for higher
education for vocational education programmes

140 teaching hours

In the Natural Science Subject Curriculum the following subject areas are listed™® (table 3).

3 http://www.udir.no/Artikler/ Lareplaner/ english/Common-core-subjects-in-primary-and-secondary-

education/
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Table 3: Main subject areas in the natural sciences

Year Main subject area
1-10 The budding | Diversity in Body and The universe | Phenomena Technology
researcher!# | nature health and and design
substances/-
elements
vgl The budding | Sustainable | Nutrition Radiation Energy for Bio-
researcher development | and health and radio- the future technology
activity

The curriculum states, as mentioned above, that “pupils in vocational education programmes shall
have parts of the syllabus for Vg1. The main subject area the budding researcher is compulsory for all
pupils”.

The number of teaching hours in natural science, according to the curriculum are as follows in table
4 (given in 60-minute units):

Table 4: Teaching hours natural science

Primary education (year 1 to 7) 328 teaching hours
Lower secondary education 256 teaching hours
Upper secondary education Vgl (programmes 140 teaching hours

for general studies)

Upper secondary education Vgl (vocational 56 teaching hours
education programmes)

Supplementary studies qualifying for higher 84 teaching hours
education for vocational education programmes

In 2008, 46% of pupils starting their upper secondary education chose the general study programme
(Utdanningsdirektoratet 2009, 22)."> However, this number increases at Vg3 (year 3), as many of the
pupils attending a vocational study programme choose to change programmes after Vg2 (year 2) to
follow supplementary studies to qualify for higher education. According to studies done by the
Research Institute NIFU STEP, 15 % of pupils who started a vocational education programme in 2004
chose to take supplementary studies to qualify for higher education the third year
(Utdanningsdirektoratet 2009, 79).

! The Budding Scientist may be characterized as the process of science. Ideas of IBST are found within this
topic of the national curriculum for science at all grade levels (1-13).
!> Utdanningsdirektoratet (2009): Utdanningsspeilet 2008. Tall og analyse av grunnopplaringen i Norge. Oslo:
Utdanningsdirektoratet
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Information about Quality

Norway is ranked below the OECD average in the international PISA survey. In this study Norwegian
pupils have the lowest score among the Nordic countries in the subject ‘natural sciences’, with only
six OECD-countries having a lower score than Norway. Regarding the sciences, the PISA results from
2006 show that only 6.1 % of Norwegian pupils perform at levels 5 or 6, whereas 9 % of pupils within
the OECD countries seen as a whole perform at one of these levels. Rather large proportions (21.1
%) of Norwegian pupils perform at level 1 or below.

The Teacher Education System

Initial Teacher Education (pre-service education)

Until now teacher education for primary and lower secondary schools has been a four-year (class
teacher) programme (240 ECTS points) with the subject mathematics (30 ECTS) and the didactics of
reading, writing and mathematics (10 ECTS) as compulsory subjects. In the elective part, 60 ECTS
points must be taken in a school subject (science may be chosen by students as an elective). The
teacher education programme also includes 30 ECTS in educational science.

As a result of the unsatisfactory ranking of Norwegian pupils in international surveys such as PISA,
the Norwegian Ministry of Education and Research has suggested various changes in the class
teacher education in order to strengthen teacher’s subject knowledge. These changes imply a
restructuring of the class teacher education in two programmes according to level: one teacher
education programme for those wishing to practice at grades 1 through 7 and another teacher
education programme for those wanting to work in grades 5 through 10.

The suggested teacher education programme for grades 1-7 will include at least four school subjects,
and the students are required to obtain 60 ECTS in at least one of these subjects. The students may
choose to take up to 30 ECTS in subjects that are relevant to teaching (for instance special
education), and lastly the programme will include 60 ECTS in educational science. The subjects
Norwegian and mathematics are to be compulsory. Furthermore, as students graduate from this
new teacher education programmes the Ministry of Education and Research suggests that all
teachers hired for grades 1-7 are required to have at least 30 ECTS in both Norwegian and
mathematics. This means that future teachers in grades 1-7 normally will have an education
consisting of 30 ECTS in three different school subjects and 60 ECTS in a fourth school subject. After
the third year, students may choose to start a 2-year Master’s degree or they may choose subject
studies for a fourth and final year.

(see fig.1 overleaf)
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Fig. 1: Structure of the teacher education programme 1-7

Year 5 Master 60 ECTS (optional)
Year 4 Master 60 ECTS (optional)
or
Subject 4 / Subject 5: 60 ECTS
or
Subject 4: 30 ECTS + 30 ECTS in school relevant subjects
Practice
Year 3 PEL (pedagogy) 30 ECTS Subject 3/Subject 4/
Bachelor thesis Norwegian/Mathematics
30 ECTS
Practice Practice
Year 2 PEL (pedagogy) 15 ECTS Norwegian: 30 ECTS
Practice Mathematics: 30 ECTS
subject 3: 30 ECTS
Year 1 PEL (pedagogy) 15 ECTS
Practice Practice

The suggested teacher education programme for grades 5-10 includes three school subjects of 60
ECTS each and 60 ECTS in educational science. In this programme there are no compulsory subjects,
but to be able to teach the subjects Norwegian/Sami, mathematics or English in lower secondary
school, 60 ECTS are required. In addition, as students graduate from this programme, the Ministry of
Education and Research suggests that all teachers hired for grades 8-10 should be required to have
at least 30 ECTS in whichever other subjects they are hired to teach. After the third year students
may choose to start a 2-year Master’s degree or they may choose subject studies for a fourth and
final year.

Fig.2: Structure of the teacher education programme 5-10

Year 5 Master 60 ECTS (optional)
Year 4 Master 60 ECTS (optional) or
subject 3: 60 ECTS or
subject 3: 30 ECTS + 30 ECTS in subjects relevant to school
Practice
Year 3 PEL (pedagogy): 30 ECTS | Subject 2: 30 ECTS
Bachelor thesis Practice
Practice
Year 2 PEL (pedagogy): 15 ECTS Subject 1: 60 ECTS
Practice Subject 2: 30 ECTS
Year 1 PEL (pedagogy): 15 ECTS Practice
Practice
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Teachers in upper secondary school are required to have at least 60 credit points in each of the
subjects they teach. There are three ways to qualify for teaching at this level. The first possibility is
to study for a five-year subject Master’s degree, followed by 60 ECTS in educational science. The
second possibility is to start a two-year teacher education programme which focuses on educational
science and school practice (PPU). To qualify for admission to this programme, students need to
have at least 180 ECTS (the equivalent of a Bachelor’s degree), of which 60 ECTS should be in one or
two school subjects, in addition to having studied the subject didactics. PPU is offered both as a full-
time and as a part-time study programme. The third possibility is a 5-year Master’s degree where
educational science and didactics are an integrated part of the programme (Lektorprogrammet) and
studied simultaneously with subjects.

Status of the Teaching Profession

In Norway teachers are not seen as professionals the same way as for instance doctors and lawyers.
This has an unfortunate effect on both how teachers see themselves and on their attitudes towards
the need for professional development.

Teacher Professional Development (in-service education)

In Norway, the municipalities are responsible for teacher professional development at the primary
and lower secondary level, whereas the counties are responsible for the professional development
of teachers working in upper secondary school. The Ministry of Education and Research has in
cooperation with the Norwegian Association of Local and Regional Authorities (KS) and the teachers’
trade unions reached an agreement'® about how teacher professional development should be
carried out. This agreement states that the municipalities/counties are responsible for making an
overview of the needs for professional development at each school in collaboration with the schools.
Necessary measures are to be taken in accordance with the needs which teachers and schools feel
should be met/prioritized.

There is no national control or overview of how many, or which type of TPD courses teachers are
offered. This may therefore vary between different municipalities/counties. However, it may be
noted that the TPD courses offered to teachers at primary and lower secondary school usually
include a combination of subject and didactic/method.

Regarding professional development in IBST in science, the Norwegian Center for Science Education
at the University of Oslo has organized TPD courses relevant to the subject area “the budding
researcher”.’” The election of TPD courses is the responsibility of each municipality/county in
collaboration with the schools. This means that there are no nationally or systematically organized
TPD courses in inquiry to ensure that teachers’ needs for professional development in inquiry are
met. There is therefore reason to believe that such courses are not available for all teachers
throughout Norway, as courses held by the Norwegian Center for Science Education primarily cater

to the teachers in the Oslo-region. Considering that inquiry is very much a part of the curriculum in

'® kunnskapsdepartementet (2008): Kompetanse for kvalitet. Strategi for videreutdanning av lerere
” For more information on the budding researcher see part three on inquiry based science teaching.
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the natural sciences through the “budding researcher”, this situation is problematic. The courses
that have been organized have not been compulsory, and there are great uncertainties whether
teachers feel competent and confident enough to use IBST in their teaching.

Status of Teacher Professional Development

The Ministry of Education and Research has made a commitment to TPD through the agreement on
TPD mentioned above. As of 2009 the Government has started to subsidize more TPD courses than
before, primarily in the prioritized subjects Norwegian, English and mathematics, but also in the
subjects chemistry and physics. The Government has granted 117 million NOK to TPD
actions/measures in 2009, and is planning to increase this amount to 312 million NOK per year when
the system of teacher professional development is in full capacity. This may be seen as a step in the
right direction of prioritizing teacher professional development at the national level, but there is still
great uncertainty whether this is carried out at the local level.

The University of Oslo has in cooperation with the Norwegian University of Science and Technology
in Trondheim started a small scale SINUS™ project in a small number of schools. This project aims at
organizing teacher professional development courses for teachers, which focus on both subject
knowledge and pedagogy in general and IBST in particular.

Inquiry Based Science Teaching

Inquiry in the School Curriculum

Inquiry in Norwegian natural science teaching has been given a boost with the subject area “the
budding researcher”, introduced as a part of the curriculum by the Knowledge Promotion reform of
2006. This subject area deals with natural science methodologies for developing knowledge which
involves the formulation of hypotheses, experimentation, systematic ob