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Abstract:  The project reported in this paper arose from a wish among members of RDC “Science and Mathematics Education” to learn about and from the teacher education programmes in which members were involved, and in particular the courses in science or mathematics education that they taught.  The paper outlines the identification of a framework and common vocabulary for describing the programmes, and indicates how these were tested for robustness.  In telling the story, the paper also documents the workings of an individual RDC and highlights the benefits provided by the format of ATEE conferences.

Introduction

Over a period of more than three decades, the Association for Teacher Education in Europe (ATEE) has functioned as a lively network facilitating the exchange of ideas and management of projects on the part of teacher educators and those organising teacher education programmes in different countries.  For many ATEE members, one of the most important features of the Association is its set of “Research and Development Centres” (RDCs):  special interest groups that allow for the sharing of expertise and for the conduct and publication of collaborative research.
  The wide range of education systems and teacher education programmes in which RDC members work is one of the most enriching aspects of participation in the RDCs.  However, this diversity also poses a problem.  It can be challenging to build up a shared understanding of key concepts and hence to undertake collaborative work productively; moreover, there can be major difficulties in identifying suitable language by means of which the key concepts can be discussed. 

The project reported in this paper arose from a wish among members of RDC “Science and Mathematics Education” to learn about and from the teacher education programmes in which members were involved, and in particular the courses in science or mathematics education that they taught.  However, many factors – for example underlying values, target populations, structures and content – varied greatly across members’ institutions, as did the (English) vocabulary used to describe these factors.  This obviated meaningful discussion.  The paper describes how the problem was addressed; it outlines the identification of a framework and common vocabulary for describing the programmes, and indicates how these were tested for robustness.  Findings to date suggest that they are not yet sufficiently robust to be used unproblematically in describing teacher education programmes, and that more work is needed before the goal of documenting commonalities and areas of diversity can be fully achieved.  However, even if the goal is not reached, the journey towards it has been of interest.  In particular, the unfolding story provides a case study of the workings of an RDC.  (The emergence and development of RDCs with ATEE is a subject for study in itself; however, it is outside the scope of the present paper.)

The first section of the paper sets the context by outlining areas addressed by the RDC prior to undertaking its current project.  The second section addresses initial work done for the project and describes the first substantial attempt to collect data; it also indicates the problems that emerged.  In the third section, an account is given of how and with what success these problems were addressed, through work carried out during RDC meetings at the ATEE annual conferences in 2006 and 2007.  The final section offers some reflections on the current state of the project and on the challenges and rewards offered by participating in such cross-national studies.
Background: RDC “Science and Mathematics Education”

In the late 1980s and the 1990s, the group that was then called “The Training of Science Teachers” was one of the largest and most vibrant RDCs in the Association.  Many papers were presented at the annual ATEE conferences, and some themes emerged that still permeate the work of the RDC.

One such theme was the perception, shared by many members of the group, of the importance of a constructivist approach to learning and teaching.  One of the most striking developments in the understanding of science and mathematics learning has been the discovery of the extent and the persistence of the intuitive ideas about the natural world that students bring with them to the classroom. Such findings have challenged science and mathematics educators, including members of the RDC, to rethink the role of the process of knowledge construction.

It was against this background that a second theme emerged.  In 1995, during the annual conference held in Oslo, a small group of mathematics educators within the RDC decided to initiate a small-scale cross-national project through which they would investigate the thinking and understanding that pre-service teachers bring to their teacher education programmes.  A few students from each country (more specifically, from the institutions in which the group members worked) were asked, individually, to spend time in a room well supplied with appropriate teaching resources, and to plan a lesson introducing the concept of area.  Each student was interviewed; the students explained or “taught” their lesson plans and discussed them with the interviewers.  In the analysis of the transcripts of the interviews, Shulman’s (1987) framework of content knowledge, pedagogical knowledge and pedagogical content knowledge (CK, PK and PCK) proved useful, with the initial focus being on CK.  The “Oslo Mathematics Project” made its first reports to the 1996 annual conference in Glasgow (Berenson et al., 1997; van der Valk and Broekman, 1997).  Its “lesson preparation method” was a productive way of collecting data on pre-service teachers’ thinking; the power of the Shulman framework with regard to analysis of such data was already recognised elsewhere in the RDC (for instance see de Jong, 1997).  Over the following years, subject-specific subgroups were formed for physics, chemistry and biology as well as mathematics, and the work of the Oslo Mathematics Project was replicated and developed.  Reports were given at the conferences, and papers were published in the European Journal of Teacher Education – the ATEE journal – as well as in other journals and conference proceedings.  The theme linking the much of the work done around this time, specifically by the subgroups but also by other members of the RDC, can be described broadly as the study of teacher knowledge and conceptual change.

The Oslo Mathematics Project and its associated studies eventually ran their course, and the work of the RDC (as defined by members’ contributions at annual conferences) developed in other directions – for example, involving the use of ICT in teacher education for science and mathematics.  No joint projects operated in this period, but their initiation and execution remained an aspiration for the RDC, as encapsulated in its current mission statement: “The RDC aims to provide a fruitful platform for discussion amongst teacher educators and researchers interested in science and mathematics education, enabling us to learn from each other’s experience, to be part of a network of colleagues extending throughout Europe and further afield, and to carry out research individually, in small groups, or as a team”.
The project: emergence and pilot phases, 2004-2005

At the 2004 Annual Conference (held in Agrigento, Sicily), the Shulman framework reappeared as a vehicle used by a number of contributors.  A shared interest emerged in comparing members’ courses in science/mathematics education – that is, the courses in “how to teach science/mathematics”, in general including ideas of “why, when and for whom”, that for many members of the RDC constitute a major part of their work
 – perhaps focusing in particular on the development of PCK.  This led to the tentative initiation of a project with the working title Preparing to be a science or mathematics teacher: a comparative study.  Initial discussion led to the realisation that it was difficult to focus meaningfully on PCK in science/mathematics education courses until there was a shared understanding of the context in which the courses operated, and hence that the project needed to examine the teacher education programmes of which they formed a part.
A pilot study conducted in 2004-05 by Christine Hopkins, using a questionnaire, investigated the structure of programmes at three institutions in three different countries (England, Ireland and the USA) and aspects of the context in which they operated.  Questions included the following:

1.
What is the length of training for the most common route to teaching?

2.
How is the student’s time divided between school and college?

3.
Do you have entirely school-based routes to teaching?

Other issues raised for consideration in the pilot study included the educational standards required for entry, the principles and ideals presented to trainee teachers and the arrangements made for mentoring students during their teaching practice.   However, the most productive follow-up work developed from the issue raised in question 2: the time allocated to different elements of the programme (such as study of general educational theory, school-based teaching practice, and so forth).  Even for this comparatively limited area, and with just three institutions involved, it became obvious that the description of the different elements was not uniformly understood.  Perhaps not surprisingly in view of their historical links and geographical proximity, the English and Irish respondents displayed a reasonably high level of shared understanding; however, the categories used and/or the language employed in identifying them caused problems for the American respondent.  (For example, the initials “TP” were very familiar to the English and Irish participants as an abbreviation for “Teaching Practice,” which was an unproblematical concept for the two people concerned; but the both the initials and the phrase were unfamiliar to the American participant.)  These difficulties were not fully resolved by email exchanges during the pilot study.  From the English and Irish data – both dealing with one-year post-graduate programmes for teachers of pupils in roughly the 12-18 age-group – interesting diversity was evident with regard to distribution of time over different elements of the programmes, reflecting different beliefs or assumptions about the relative values of general educational theory (philosophy, psychology, and so forth) versus teaching practice in schools.

The results were presented to the RDC at the 2005 Annual Conference in Amsterdam.  They prompted an interesting discussion on teacher education programmes.  Some of the issues raised were not central to the specialised work of the RDC; that is, they dealt with general aspects of teacher education in the different countries and/or institutions within those countries, rather than with science or mathematics teacher education.  However, they were important in providing the required context.  Again, therefore, the need to understand the background to the various science/mathematics education courses was highlighted; lack of understanding was an obstacle to meaningful comparisons.  

It remained to find a way in which such background information could be elicited and documented.  During one of the RDC meetings at the conference, a second questionnaire was drawn up.  It first sought to set the context by obtaining basic information about the nature of teacher education programmes in members’ countries and about the proportion of time given to major components.  Drawing on work done in a paper presented at the conference by Juuti Kalle (Kalle et al., 2006), the questionnaire asked respondents to represent the components on a pie chart.  The questionnaire then sought to address the original aim of the project with regard to investigating science/mathematics education courses.  It asked respondents to identify a particular science/mathematics education course and to provide information on its aims, structure, content, and teaching/learning methodology.  The questionnaire is presented (in a condensed layout) in Fig. 1.

Co-operation and project on mathematics and science teacher education (ATEE 2005)

Respondent name:

Country:

Background – establishing the context:

· Are your teacher education programmes “concurrent” [i.e. typically part of a primary degree course which also addresses subject knowledge] or  “consecutive” [taken after a first degree course] – or are both models used? 

· Can you represent the programmes on a pie chart (or pie charts) reflecting the major components of their structure?

Choose one of your science / mathematics education courses and identify it:

For this course:
· Can you state two main aims?

· Please outline the organizational details / practical issues (length, timing, etc.).

· What is the target group of students?

· In this course, what is the balance between Pedagogical Content Knowledge (PCK) and Content Knowledge (CK)?

· Please provide a brief overview of the content.

· Please provide a brief overview of the teaching and learning methods.

· Please provide other relevant information if you wish.

Fig. 1: Questionnaire for the second phase of the project

It was hoped that RDC members who had attended the 2005 annual conference would complete the questionnaire in the weeks following the conference, so as to provide at least a second pilot phase for the project and at best the start of serious data collection.  However, responses were few, and pointed to the continued difficulty of establishing shared understanding of any basic categories in the absence of face-to-face discussion.  Hence, it was decided to further the study at the 2006 conference (held in Portoroz, Slovenia) by using an RDC meeting as a workshop in which data collection could be attempted and difficulties discussed as they arose.

Finding and using a common framework and vocabulary, 2006-2007

Work at the 2006 conference was initiated via an overview of the project to date.  Illustrations of the potential power of the approach, but the difficulties of implementing it, were given by presenting data from the three original “pilot” institutions in pie chart form (as required by the second questionnaire).  Analysis of the two European programmes was presented in terms of three categories: educational theory such as psychology, sociology and philosophy of education; science or mathematics education; and teaching practice. In Fig. 2, these categories are designated as “Pedagogy,” “Sci/Maths Ed” and “TP” respectively.  (The first two labels are not those that were used in the presentation, but rather the ones chosen later to describe the relevant areas; they are employed here to avoid subsequent confusion.)  The pie charts highlight the very different balance in the two institutions.  Attempts to classify the American programme in terms of the same three headings were not successful, and emphasised the fact that the chosen categories as understood at the time were not stable across different educational cultures.
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Fig. 2: Proportion of time devoted to different aspects of teacher education programmes

In the discussion that followed, the diversity in terminology and the lack of shared meaning was addressed in more depth.  A brainstorming session took place in order to generate a list of concepts and terms that needed definition for the purposes of the project.  Key components of programmes were identified, providing a framework for the discussion, and definitions were formulated.  For example, “programme” was taken to mean “a complete suite of courses usually leading to a degree or diploma,” while “course” indicated a part of a programme; hence, a “course” in psychology might be part of a “programme” for a degree in education.  Also, “science/mathematics education” referred to courses that address how to teach science/mathematics (as well, typically, as why, when and to whom to teach the subjects); in different participating countries, such courses may be called “didactics” or “methodology”.  The term “pedagogy” was used for educational theory such as that offered in courses on the philosophy or sociology of education.  The concepts of “electives” and “research” were introduced to describe aspects of programmes that had not been considered in the pilot phases of the project.  The full “glossary” developed in 2006 is presented in Fig. 3.


Term
Shared understanding

1 ECTS credit
equivalent of 200 hours of student learning 


engagement [made up of classtime, reading, 


researching, writing, practicals….]

academic term
academic 1/3 of a year [approximately 10 weeks]

academic subject
subject other than education studies forming part 

 

of a degree programme


Bachelor’s degree
first degree equivalent to 180 ECTS

compentencies
generic abilities [usually of a teacher] that are 


needed [to bring about student compentences?]

competence(s)
a measurable learning outcome demonstrated by a 


learner

concurrent [as in 
teacher education programmes taken together [in 

concurrent teacher 
parallel] with another subject [for instance, 

education 
education and Russian, education and 

programmes]
mathematics]


consecutive [as in 
education studies taken after completion of a 

consecutive 
first/other degree in another subject

teacher education 

programmes]

content knowledge 
knowledge of a particular subject e.g. 

(CK)
mathematics, physics etc.

course
a part of a programme of studies e.g. a course in 


child development as part of a degree in education

didactics
Mainland European term for courses in “how to 


teach” but also including ideas of “why, when and 


for whom” now to be subsumed under terms 


“mathematics education/science education” etc.

early childhood 
Anglo-Saxon term for education from 0 to 7 years, 

education
may be formal or informal

ECTS
European Credit Transfer System [numbers 


attached to teaching units in European institutions 


to facilitate comparison of qualifications]

electives
courses [as part of a programme] that are not 


mandatory, subject to student choice

lower secondary 
formal education between ages 12 and 16

education

Master’s degree
graduate degree equivalent to further 80 ECTS

mathematics education
courses in “how to teach mathematics" but also including



ideas of “why, when and for whom” and also technical



aspects of teaching (see “methodology”)

methodology
technical aspects of teaching [for instance, 


classroom management, lesson planning, 


assessment techniques…] now also to be 


subsumed under terms “mathematics 


education/science education”

pedagogical 
knowledge of how a particular subject (content) is

content knowledge 
taught [teaching methods, approaches, 

(PCK)
resources]

pedagogy
general term for educational theory to include the 

psychology, sociology, philosophy of education

primary 
formal education between ages 4 and 12

school/primary 

schooling

programme
a complete suite of courses usually leading to a 

degree or diploma

pupil
a learner in first or second level education / a 


school learner

research
work on a thesis, dissertation or major project

science education
courses in “how to teach science" but also including



ideas of "why, when and for whom" and also technical



aspects of teaching (see “methodology”)

second-level 
formal education between ages of 12 and 18

education/secondary


 education

semester
academic half-year (approximately 15 weeks]

school subject content
education in science, mathematics or other 



content area (as opposed to how to teach the area)


student
a learner in a 3rd level college or university

teaching practice 
time spent by pre-service teacher working in a 

(TP)
school either in observation or in teaching of classes

upper secondary 
formal education between ages 16 and 18

education

Fig. 3:  Glossary of terms for the project (2006 version)
The challenge to participants then became that of drawing a pie chart using the following framework to represent aspects of their chosen programme:

· Academic subjects

· School subject content

· Pedagogy

· Education (science/mathematics education as relevant)

· Research

· Electives

· Teaching practice.

Only after developing the shared ownership and understanding were participants able to draw mutually meaningful pie charts that represented proportions of their programmes targeting the different components.  In the light of this, the questionnaire developed the previous year was updated as follows:

· Respondents were asked to specify whether their programmes addressed primary or secondary education

· The categories to be used in the pie chart were those listed above

· Where possible, the ECTS system was to be used to indicate the length of the various courses within a programme. 

It remained to be seen if this version was robust across countries, especially when used by respondents who had not shared the face-to-face discussions that produced it.  Given that the number of people attending the RDC sessions in Portoroz was small (a maximum of six), recourse to wider email circulation was judged premature, and face-to-face work was resumed at the 2007 conference held in Telford, England.  

The Telford conference contributed to the work in two ways.  First, six people who had not been at Portoroz were present on this occasion; a mixture of former “regulars” and newcomers, they were ideally placed to try out the framework and vocabulary.  It was found that both needed some clarification.  With regard to the framework, extra categories were required to distinguish the study of science or mathematics to an “expert” level from study to the level needed for school teaching, and also to allow for equivalents of “science/mathematics education” courses in other subject areas.  With regard to vocabulary, there was considerable dissatisfaction with the term “academic subject” for “a subject other than education studies forming part of a degree programme”.  The definition was intended to be – in Scheffler’s (1960) terms – stipulative rather than descriptive, but it proved inappropriate because it led to the twin questions as to whether such subjects were not educational, or whether the study of education was not academic.  The phrase “other degree/university requirements” was tentatively substituted.  The glossary was adjusted accordingly, and the list of categories was reformulated as follows: 

· Specialist science/mathematics

· School subject content

· Pedagogy

· Science/mathematics education 

· Other education

· Research

· Electives

· Teaching practice

· Other degree/university requirements.

The second contribution made at the Telford conference came through presentation of a draft version of this paper to a general session, hence to an audience including people unfamiliar with the work of the RDC.  One interesting comment arose from the fact that the framework and vocabulary had been developed “bottom up” from the categories and phrases used by RDC members in describing their programmes, rather than “top down” on the basis of theoretical constructs.  It was suggested that the categories might be classified via their aims, rather than what might be called custom and practice.
  Such an approach might help to capture the different underlying values to which reference has been made at intervals above, but which had not been explicitly addressed.  The RDC intends to consider the approach, probably to augment rather than replace the categorization developed so far.  The group may then be in a position to proceed to further data collection on teacher education programmes via email.

The original goal of comparing science/mathematics education courses, for example with regard to the development of PCK and other issues that have figured in the past work of the RDC as described above, remains rather distant.  Perhaps the journey will prove to be of more value than the intended destination.  The process of devising the framework and glossary has already taught members much about diversity in teacher education programmes: an achievement, if not quite the one that was intended.  

Conclusion
This paper describes work in progress in the RDC “Science and Mathematics Education” as its members seek – ultimately – to address the various ways in which science and mathematics teacher education is conducted in its members’ institutions.  It outlines the problems caused by the diversity in cultures, contexts and programme structures that initially obviated meaningful discussion, and charts the group’s rather protracted attempts to address these problems.  In telling the story, the paper also documents the workings of an individual RDC and highlights the benefits provided by the format of ATEE conferences, with annual face-to-face meetings for RDC members augmented by contacts with other conference participants.

Reflection on the process could invoke a number of theoretical models.  At this stage, however, it suffices to note a partial analogy in the work of the large-scale cross-national studies of curriculum and achievement run by the International Association for the Evaluation of Educational Achievement (IEA).  The curriculum analysis in the Second International Mathematics Study (Travers and Westbury, 1989) relied heavily on dialogue, with many discussions taking place between national representatives and the project team before curricular descriptions were formulated in a manner that satisfied all parties concerned.   Perhaps the curriculum analysis in the Third International Mathematics and Science Study (Schmidt et al., 1997) suffered somewhat because some of the key exchanges with regard to curriculum took place by email (of course, not available to the earlier study) rather than face-to-face discussion.  The time taken to complete the earlier study was a negative factor; the later one published its findings after a much shorter period of analysis.  Combining depth with efficiency remains a challenge.

The RDC’s project has already highlighted the diversity to be found in its members’ teacher education programmes.  The work undertaken to date has aimed to identify sufficient commonality to allow further analysis to be carried out.  Research questions remain as to whether the framework and vocabulary devised are adequately robust for the purpose, and more generally as to how such work can best be carried out in a cross-national setting involving nuances of local culture, structure and terminology when members meet face to face only on rare occasions.  In the meantime, the face-to-face meetings at ATEE conferences have been both productive and enjoyable, and the RDC looks forward to continuing its work.
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� The descriptions of the current role and work of ATEE are drawn from recent working documents of the Association.


� This section draws on summaries of the work of the RDC produced in particular by Onno de Jong.


� The designation “science/mathematics education” and description of the associated courses, as given here, emerged during the project as described below; they are used here for convenience.  


� Thanks are due to Debbie Corrigan for this suggestion.
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