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Abstract

A crucial variable for achieving high quality mathematics teaching is, of course, teachers’ professional expertise. What does “professional expertise“ of mathematics teachers mean, what are the important facets of that expertise, what is a “well-educated mathematics teacher”? How can these facets be measured empirically? How does a teacher’s expertise correlate with his or her students’ performance and attitudes, which facets are particularly good predictors of these outcomes? How can teacher education contribute towards a well-aimed development and improvement of teachers’ expertise?

These are the research questions of the project COACTIV. In this paper, we will introduce this project, its various components, and its theoretical framework. We will also present some excerpts from our instruments and discuss implications for teacher education.

1. Introduction of COACTIV

Drawing on the idea of general action competencies (Weinert, 2001), one may conceptualise a teacher’s professional knowledge in terms of his or her attitudes, beliefs and motivations on the one hand, and on facets of his or her professional knowledge on the other hand. A teacher’s attitudes, beliefs and motivations may be related to the subject, the practice of teaching, or the profession in general. In terms of professional knowledge, Shulman’s (1987) and Bromme’s (1992) distinction between content knowledge, pedagogical content knowledge, and pedagogical knowledge provides a useful framework in which to explore the structure of teachers’ expertise in more detail. It is the aim of our study to identify facets of knowledge that may be considered specific prerequisites for successful teaching. 

The project COACTIV (“Professional knowledge of teachers, cognitively activating mathematics teaching, and the development of mathematical competence”) has been running since 2002, under the direction of Jürgen Baumert (Max-Planck Institute for Educational Research Berlin), Werner Blum (University of Kassel) and Michael Neubrand (University of Oldenburg). The project is being funded by the DFG (the German Research Society), at least until 2006. It is embedded, both conceptually and technically, in the national part of the PISA Study 2003/2004 in Germany. In this national study, 220 schools were involved. Students from two entire mathematic classes in each school were tested, both with the international and supplementary national PISA instruments. Both classes were in the 9th grade in 2003 and (except for Hauptschulen) in the 10th grade in 2004. The mathematics teachers of these classes are the objects of study in COACTIV.

The methodological framework of COACTIV comprises four essential elements:

1) A four layer hierarchical model that serves as the framework for teaching and learning in schools (see fig. 1) and draws on the theories and assumptions of the process-mediation-product model (Brophy, 1999; Shuell, 1996, 2001), the social-constructivistic approach (deCorte, Greer & Verschaffel, 1996; Cobb et al., 1991), and the concept of teachers’ expertise (Shulman, 1987; Schön, 1983, 1987; Bromme, 1992, 1997; Ball, 2003).

Fig. 1

2) A multi-perspective approach that takes into account the fact that, when describing teaching processes, different data sources (students’ ratings, teachers’ reports or observational data) have their specific differential validity (see Clausen, 2002). 

3) Recent findings on quality teaching, in particular mathematics teaching, with aspects such as demanding orchestration of mathematical subject matter, cognitive activation of learners, and effective, learner-oriented classroom management (general: Helmke & Weinert, 1997; Helmke, 2003; especially for mathematics: deCorte, Greer & Verschaffel, 1996; Blum, 1999, in press).

4) A longitudinal approach with two measurement points (from spring 2003 to spring 2004) from which we can investigate the influence of teachers’ characteristics on students’ performance. 
The components of COACTIV are:
· Definition of a theoretical construct “professional expertise of mathematics teachers” for the lower secondary level (grades 8 – 10) 

· Development of reliable instruments to effectively identify and measure the essential facets of this construct; these instruments ought to reflect the role of teachers as experts for subject instruction and ought to make it possible to communicate with these experts on a professional basis.

· Measure of the expertise of the mathematics teachers of the 440 PISA classes in 2003 and 2004 by means of these instruments.

· Development of an extensive classification system for mathematical tasks.

· Reconstruction of mathematics teaching in these 440 classes by collecting and classifying all mathematical tasks contained in the class tests and in selected homework in the school years 2002/03 and 2003/04, with an additional collection of mathematical tasks used in lessons for two special topics in 2003/04.

· Using the data on teachers’ knowledge and mathematical teaching to predict students’ achievement as well as motivational variables over the course of one school year (based on the PISA student data from from 2003 and 2004). 

· Implementation of instruments and results in pre-service and in-service teacher education.

2. Instruments of COACTIV

In the following, we shall briefly describe some of the components of COACTIV.

2.1. Definition of “professional expertise of mathematics teachers”

Besides content knowledge, which we interpret as a deep understanding of mathematical ideas close to school mathematics, and general pedagogical knowledge, which comprises knowledge of classroom management and assessment standards, we distinguish between the following facets of pedagogical content knowledge (the heart of our concept of professional expertise):

· knowledge of the cognitive and pedagogical potential of mathematical tasks,

· process knowledge of selection and orchestration of tasks,

· explanatory knowledge for use in teaching situations, for instance concerning multiple representations of mathematical entities,

· flexible knowledge of appropriate reactions in critical teaching situations,

· knowledge of typical conceptions and misconceptions of students, including adequate handling of mistakes,

· diagnostic competence concerning students’ mathematical achievement.

2.2. Development of instruments to identify and measure this construct
The following instruments have been developed, field tested and applied:

· a paper and pencil questionnaire with scales for various facets of pedagogical knowledge (mostly taken from the BIJU project; see Baumert et al., 1997, and Gruehn, 2000),

· a computer based questionnaire with stimuli and questions concerning various facets of pedagogical content knowledge, including video clips of critical teaching situations,

· two paper and pencil questionnaires, one on content knowledge and one on facets of pedagogical content knowledge such as analysing mathematical tasks from the PISA test and predicting students’ solutions produced in the teacher’s own class,

· a teacher questionnaire about predicting the achievement of selected students in PISA,

· a teacher questionnaire with scales concerning teachers’ beliefs (Grigutsch, Raatz & Törner, 1998; Köller, Baumert & Neubrand, 2000), attitudes and motivations.

In addition, we were able to use the PISA tests and questionnaires filled in by all the students in these 440 classes, as well as the standard demography for the teachers.

Here are a few examples of questions from our instruments:

a) An item which assesses mathematical content knowledge:


Is 
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 a prime number? Give reasons for your answer!

b) An item which assesses several facets of pedagogical content knowledge around a concrete PISA task:

Rent: In a small city, the rent in 1990 for a 90 m2 appartment was 1000 DM per month. Since 1990, the rent has increased by 5 % every 5 years.

a) What rent per month (in DM) had to be paid in 1995 for this appartment? Show your work.

b) What rent per month (in DM) hat to be paid in 2000 for this appartment? Show your work.

· What percentage of your pupils solved a) correctly?
· What percentage of your pupils solved b) correctly?

·  Write down all possible solutions that you see for a).

·  Which obvious wrong solutions do you see for b)?

c) An example of a critical teaching situation (facet: flexible knowledge of appropriate reactions) is a discussion in a 7th grade class, shown in a video clip. The problem is how to determine the number of possible phone calls of 3 minutes each with a phone card that allows 10 calls of 6 minutes each. One pupil answers ”5 calls”, another pupil “20 calls”. Here the video stops. Now, there are two versions in the questionnaire:

· In the first version, the teacher is only asked “How would you handle the pupils’ statements, and how would you prefer to continue the lesson?”
· In the second version given later on (it is not possible to go back in the questionnaire), the clip is shown once again. The teacher is asked the same question as before and, in addition, is given four alternatives:

A.
“I would show at the blackboard how to solve such tasks with inverse proportions:

	:2
	6 min – 10 calls

3 min – 20 calls
	(2


Then I would explain to the first pupil that he has used the method appropriate for direct proportions.”

B. “I would first explain to the pupils that one can use this card for calls of 6x10=60 minutes. Than I would say: ‘60=3x20! Hence the same phone card allows for 20 calls of 3 minutes each and not 5!’”

C. “I would let a pupil carefully explain how to solve such inverse proportion tasks and that the result here is 20. Then I would let another pupil explain that 5 would have been the correct solution for a corresponding direct proportion task.”

D. “I would ask the pupils how many minutes one can phone with this card altogether. Then I would ask them to explain why one can use this card for 20 calls of 3 minutes each and how the wrong answer 5 was presumably produced.”

These four alternatives in the closed version represent the 2x2 combinations of two aspects: a) focus on understanding or focus on algorithms, b) teacher or pupils as primary actors. These aspects appear in all six video clips. The coding of the free answers in the open version follows essentially the same lines (and adds some special features, for example whether the teachers recognise the potential for multiple solutions).

d) An item which assesses the prediction of students’ mistakes:

A pupil calculates with his pocket calculator:
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Which result will the pupil probably get in the following task?
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e) In a question related to diagnostic competence (cp. Hoge & Coladarci, 1989), the teacher has to

· estimate which of seven (randomly selected) students of his or her PISA class have successfully solved certain PISA tasks,

· forecast the order of achievement of these seven students on the PISA test,

· forecast the order of achievement progress of these seven students from PISA-2003 to PISA-2004.

Each facet has several questions referring to it. The reliability of the instruments is, in most cases, sufficiently high, only for a few scales used in the first cycle (2003) was there a need to further revise the instruments.

2.3. Measuring the expertise of the mathematics teachers of the PISA classes
In 2003, 366 9th grade teachers participated in our study, 111 from Gymnasium (high level), 93 from Realschule (medium level), 82 from Hauptschule (low level), 43 from Mittel-, Sekundar- or Regelschule (medium and low level), and 37 from Gesamtschule (comprehensive school, all levels). The average age of the teachers was 48, and 58 % were male. In 2004, Hauptschule teachers could no longer participate because Hauptschule normally ends after grade 9. All teachers filled in our questionnaires on the afternoon of the “PISA day” in that school, with the support of trained test administrators.

2.4. Development of a classification system for mathematical tasks

Our classification system (Ross, Jordan et al., 2004) comprises 32 variables, among others “cognitive variables” referring to

· the PISA “competency clusters” (see OECD, 2003) and the “ways of working mathematically” developed for the national PISA part in Germany (Neubrand et al., 2001; Knoche et al., 2002; Neubrand&Neubrand, 2004);

· the levels (zero/ low/ middle/ high, in well-defined meanings) on which certain mathematical competencies (in the sense of Niss, 2003; extensively used in PISA, see OECD, 2003) are required when solving a mathematical task; examples of crucial competencies are mathematical modelling (Blum et al., 2002), mathematical argumentation (Hanna & Jahnke, 1996), and reading mathematical texts (Cohors-Fresenborg, Sjuts & Sommer, 2004);

· the levels (similarly defined) on which mathematical “Grundvorstellungen” (in the sense of v. Hofe, 1998; see also Blum et al., 2004) are required.

2.5. Reconstruction of mathematics teaching in these classes

All participating teachers made materials available for which they had been asked, most of the teachers even turned in complete sets. All materials have been compiled in a comprehensive data base and coded by trained coders according to the system described above. Thus, for the first time there is a representative sample of materials available for research from two whole school years.

The materials from 2004 are still being worked on. Among other things, we can see that the strong emphasis on algorithms and the corresponding lack of competency-oriented activities, often identified as a weakness of mathematics teaching in Germany and one of the reasons for Germany’s unsatisfactory performance in TIMSS and PISA (see, for instance, Kaiser, Blum & Wiegand, 1998; Baumert, Lehmann et al., 1997; Blum & Neubrand, 1998; Baumert et al., 2001), is reflected in the written class tests to an unexpectedly large extent. More than 60 % of all tasks in the grade 9 tests and more than 50 % in the grade 10 tests are technical, that is they require only the reproduction of knowledge and skill taught, in most cases, only recently in the weeks before the test. Less than 10  % of all tasks require modelling on levels 2 or 3, and less than 5 % require any argumentations at all.

We will report on our findings more thoroughly on another occasion.

3. Implications for teacher education

The data show that there is a substantial potential for improvement with respect to all facets of teachers’ professional expertise. An obvious conclusion is to not only use these instruments in assessment, but also in teacher education. Here are just three possibilities:

· Use of our task material from the questionnaires and the related questions (such as the ones shown in section 2), as well as our collection of class tests and our classification system, for training student teachers and practising teachers, aimed at making them experts for the cognitive analysis of mathematical tasks.

· Use of our video clips and the related answer alternatives as a stimulus for analysing or constructing lessons according to quality criteria, aimed at making students and teachers experts for quality mathematics teaching.

· Use of our materials with students’ mistakes as a means for diagnostic training of student teachers and practising teachers, aimed at making them experts fat diagnosing of students.

We have gathered experiences with the use of these materials in pre-service teacher education at the universities of Kassel and Oldenburg as well as in in-service teacher education in the SINUS project (Blum, in press). In addition, the extensive piloting and field-testing of the instruments as well as the collecting of the data with the PISA teachers were, at the same time, also learning opportunities for the teachers. We interviewed most of the teachers immediately afterwards, and nearly all of them said that they had learned a lot and felt that they had been taken seriously as experts. In particular, the electronic form of our main questionnaire proved to be stimulating and motivating, and guaranteed for a very effective implementation.

Our aim is to carry out a controlled study, in a further phase (2006 – 2008) of COACTIV, on the use of our instruments in all kinds of institutions of teacher education (first part of pre-service education at the university, second part of pre-service education at the seminar, in-service education at the university and directly at the school).
4. References

Ball, D. L. (2003). What Mathematical Knowledge is Needed for Teaching Mathematics? University of Michigan.

Baumert, J. et al. (1997). Bildungsverläufe und psychosoziale Entwicklung im Jugendalter (BIJU). Dokumentation, Band 1. Skalen Längsschnitt I, Welle 1-4. Berlin: Max-Planck-Institut für Bildungsforschung.
Baumert, J. et al. (2001). PISA 2000 – Basiskompetenzen von Schülerinnen und Schülern im internationalen Vergleich. Opladen: Leske&Budrich.

Baumert, J., Lehmann, R. et al. (1997). TIMSS – mathematisch-naturwissenschaftlicher Unterricht im internationalen Vergleich. Opladen: Leske&Budrich.

Blum, W. (1999). Unterrichtsqualität am Beispiel Mathematik - was kann das bedeuten, wie ist das zu verbessern? In: SEMINAR- Lehrerbildung und Schule, H. 4/1999, 8-16.

Blum, W. (in press). Opportunities and Problems for “Quality Mathematics Teaching” – the SINUS and DISUM Projects. In: Regular Lectures at ICME-10.

Blum, W. et al. (2002). Applications and Modelling in Mathematics Education – Discussion Document. In: Educational Studies in Mathematics 51, 149-171.

Blum, W., v. Hofe, R., Jordan, A. & Kleine, M. (2004). Grundvorstellungen als aufgabenanalytisches und diagnostisches Instrument bei PISA. In: M. Neubrand (Ed.), 145-157.

Blum, W. & Neubrand, M. (1998). TIMSS und der Mathematikunterricht – Informationen, Analysen, Konsequenzen. Hannover: Schroedel.

Bromme, R. (1992). Der Lehrer als Experte. Bern: Hans Huber.

Bromme, R. (1997). Kompetenzen, Funktionen und unterrichtliches Handeln des Lehrers. In: F. E. Weinert (Hrsg.), Enzyklopädie der Psychologie: Psychologie des Unterrichts und der Schule. Göttingen: Hogrefe, 177-212.
Brophy, J. (1999). Teaching (Vol. 1). Genf, Schweiz: International Academy of Education / International Bureau of Education.

Clausen, M. (2002). Unterrichtsqualität: Eine Frage der Perspektive? Münster: Waxmann.

Cobb, P. et al. (1991). Assessment of a problem-centered second-grade mathematics project. Journal for Research in Mathematics Education 22, 3-29.

Cohors-Fresenborg, E., Sjuts, J. & Sommer, N. (2004). Innere Strukturen mathematischer Leistung im PISA-2000-Test. In: Neubrand, M. (Ed.), 109- 144
de Corte, E., Greer, B., & Verschaffel, L. (1996). Mathematics teaching and learning. In R. C. Calfee (Ed.), Handbook of educational psychology, 491–549. New York: Simon & Schuster Macmillan.

Grigutsch, S., Raatz, V. & Törner, G. (1998). Einstellungen gegenüber Mathematik bei Mathematiklehrern. In: Journal für Mathematik-Didaktik 19, H.1, 3-45.

Gruehn, S. (2000). Unterricht und schulisches Lernen: Schüler als Quellen der Unterrichtsbeschreibung. Münster: Waxmann.

Hanna, G. & Jahnke, H.-N. (1996). Proof and Proving. In: International Handbook of Mathematics Education (Eds: Bishop, A. et al.). Dordrecht: Kluwer, 877-908.

Helmke, A. (2003). Unterrichtsqualität. Seelze: Kallmeyersche Verlagsbuchhandlung.

Helmke, A., & Weinert, F. E. (1997). Bedingungsfaktoren schulischer Leistungen. In: F. E. Weinert (Hrsg.), Enzyklopädie der Psychologie: Psychologie des Unterrichts und der Schule. Göttingen: Hogrefe, 71-176.
Hofe, Rudolf v. (1998): On the Generation of Basic Ideas and Individual Images: Normative, Descriptive and Constructive Aspects. In: Kilpatrick, J. & A. Sierpinska (Hrsg.): Mathematics Education as a Research Domain: A Search for Identity.Dordrecht:  Kluwer, 317-331

Hoge, R. D., & Coladarci, T. (1989). Teacher-based judgments of academic achievement: A review of literature. Review of Educational Research 59(3), 297-313.

Kaiser, G., Blum, W. & Wiegand, B. (1998). Ergebnisse einer Langzeitstudie zu den mathematischen Leistungen deutscher und englischer Lernender. In: mathematica didactica 21, 108-132.

Knoche, N. et al. (2002). Die PISA-2002-Studie, einige Ergebnisse und Analysen. In: Journal für Mathematik-Didaktik 23, 159-202.

Köller, O., Baumert, J., & Neubrand, J. (2000). Epistemologische Überzeugungen und Fachverständnis im Mathematik- und Physikunterricht. In: J. Baumert & W. Bos & R. Lehmann (Hrsg.), Dritte Internationale Mathematik- und Naturwissenschaftsstudie - Mathematische und naturwissenschaftliche Bildung am Ende der Schullaufbahn. Kapitel IV in Band II: TIMSS Mathematische und physikalische Kompetenzen am Ende der gymnasialen Oberstufe. Opladen: Leske&Budrich, 229-270.

Neubrand, M. & Neubrand, J. (2004). Innere Strukturen mathematischer Leistung im PISA-2000-Test. In. Neubrand, M (Ed.), 87-108.
Neubrand, M. (Ed.) (2004). Mathematische Kompetenzen von Schülerinnen und Schülern in Deutschland – Vertiefende Analysen im Rahmen von PISA 2000. Münster: Waxmann.
Neubrand, M. et al. (2001). Grundlagen der Ergänzung des internationalen PISA-Mathematik-Tests in der deutschen Zusatzerhebung. Zentralblatt für Didaktik der Mathematik - Berichtsteil - 33 (1), 45-59.
Niss, M. (2003). Mathematical Competencies and the Learning of Mathematics: The Danish KOM Project. In: A. Gagatsis & S. Papastavridis (Eds.). 3rd Mediterranean Conference On Mathematical Education. Athens - Hellas 3-4-5 January 2003. Athens: The Hellenic Mathematical Society, 115-124.
OECD - Organisation for Economic Co-Operation and Development (2003): The PISA 2003 Assesment Framework - Mathematics, Reading, Science and Problem Solving Knowledge and Skills. Paris: OECD. 

Ross, N., Jordan, A., Baumert, J., Blum, W., Brunner, M., Krauss, S., Löwen, K. & Neubrand M. (2004). Klassifikationsschema für Mathematikaufgaben. Berlin: Max-Planck-Institut für Bildungsforschung.
Schön, D. A. (1983). The Reflective Practitioner. How Professionals Think in Action. New York: Basic Books.

Schön, D. A. (1987). Educating the Reflective Practitioner. Toward a New Design for Teaching and Learning in the Professions. New York: Basic Books.

Shuell, T. J. (1996). Teaching and learning in a classroom context. In R. C. Calfee (Ed.), Handbook of educational psychology. New York: Simon & Schuster Macmillan, 726-764.

Shuell, T. J. (2001). Learning Theories and Educational Paradigms. In P. B. Baltes (Ed.), International encyclopedia of the social and behavioral sciences. Oxford: Elsevier, 8613-8620.

Shulman, L. S. (1987). Knowledge and teaching: Foundations of the new reform. Harvard Educational Review 57 (1), 1-21.

Weinert, F. E. (2001). A concept of competence: A conceptual clarification. In: D. S. Rychen & L. H. Salganik (Eds.), Defining and selecting key competencies. Seattle: Hogrefe & Huber, 45-65.







PAGE  
1

_1157797147.unknown

_1157797148.unknown

_1157797196.unknown

_1157528812.unknown

