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The presentation focuses on the goals, activities and outcomes of the Austrian reform project IMST – Innovations in Mathematics, Science and Technology Teaching (since 2000). In particular, various ways are shown how mathematics teachers – in connection with teachers of other subjects – are supported in their efforts to improve their practice.

1 The Austrian IMST project
In Austria, as in many other countries, international comparative studies like TIMSS (Third International Mathematics and Science Study) and PISA (Programme for International Student Assessment) had a considerable influence on the national educational policy. Austria participated in all three cohorts (primary, middle and high school) of the TIMSS achievement study. Whereas the results concerning the primary and the middle school were rather promising, the poor results of the Austrian high school students (grades 9 to 12 or 13), in particular with regard to the TIMSS advanced mathematics and physics achievement test, shocked the public. The ranking lists showed Austria as the last (advanced mathematics) and the last but one (advanced physics) of 16 nations (e.g., Mullis et al. 1998, p. 129 and p. 189). This first section of this paper describes the emergence of the Austrian reform project IMST, focuses on its goals, activities and outcomes and is an extended version of the short description of IMST in Pegg and Krainer (2008). An exemplary insight into the ways teachers are supported by IMST is given in the second (and final) section. 
Impulse for the initiative and challenge
As a reaction to the TIMSS results in the final year of secondary school, the responsible federal ministry launched the one-year-research project IMST1 – Innovations in Mathematics and Science Teaching (1998-1999). The analysis of the test results showed (e.g., Krainer, 2003) that the ranking lists and thus the comparison were questionable because they did not take into account the specific sample of students that were involved in the test. For example, Austria – unlike in most countries – tested in advanced mathematics and physics many students who had not been taught these subjects in that school year. Other (more fair) comparisons (such as the TOP 5% or 10% students’ achievements) showed slightly better results; nevertheless, the picture remained disappointing. 

In all the TIMSS tests, literacy and advanced as well as mathematics and science, Austria was among those nations with the biggest achievement differences between boys and girls. Again from the TIMSS tests, Austrian (and German) students showed poor results in particular with regard to items which refer to higher levels of thinking (e.g., the analysis concerning mathematics literacy in Baumert et al., 1998). In their response to the item in the TIMSS-questionnaire concerning reasoning tasks in lessons, less than a third of Austrian students felt that they are involved in reasoning tasks in most or every mathematics lesson(s), resulting in the last but one place in the international ranking of 16 nations. In physics the corresponding figure was half of the students, with Austria in last place (e.g., Mullis et al., 1998, p. 165 and p. 221). These rankings were particularly unsatisfactory since they are apparently not biased by the question of whether students have been taught a subject in this school year or not. 

Since the Austrian researchers were convinced that the weak results have manifold causes, the analysis of the IMST project was not confined to analysing the TIMSS results only. The answers to a written questionnaire by Austrian teachers, teacher educators and representatives of the education authorities supported the results from the TIMSS data. For example, teachers were predominantly seen as dedicated and as having a lot of pedagogical and didactic autonomy. However, this autonomy is sometimes restricted by themselves or by general conditions and therefore often not passed on to the students. 

Mathematics education and in particular science education are poorly anchored at Austrian teacher education institutions. In chemistry education, for example, no university has a university professor for that scientific domain. Teacher education is dominated by subject experts. The collaboration with educational sciences and schools is – with exception of a few cases – underdeveloped. A competence centre like the Freudenthal Institute at the University of Utrecht in The Netherlands or the Institute for Science Education at the University of Kiel in Germany did not exist. 

An analysis of web sites at schools showed that mathematics and science initiatives are – in contrast to other subjects – under-represented (see e.g., Krainer et al., 2002). The picture with regard to documented innovations in mathematics and science teaching was ambivalent. On the one hand, it was astonishing how many creative initiatives were carried out by individuals, groups or institutions. On the other hand, it was frustrating to see how unlinked these activities were, and that a networking structure was missing. This impression is repeated when looking at the whole educational system (two different pre-service teacher education systems that are nearly unconnected, a variety of different kinds of schools with corresponding administrative bodies in the ministry and the institutions for in-service education, etc.). This showed a picture of a “fragmentary educational system” of lone fighters with a high level of (individual) autonomy and action, however, less reflection and networking (e.g., Krainer, 2001).

Goals and intervention strategy
This complex picture of diverse problematic influences on status and quality of mathematics and science teaching was the background for the IMST-team to suggest the launch of a long-term nation-wide initiative IMST – Innovations in Mathematics, Science and Technology Teaching. It focused on the upper secondary school level and involved the subjects biology, chemistry, mathematics and physics. The addition of “Technology” in the project title was to express the fundamental importance of technologies for mathematics and science teaching. 

The four-year initiative IMST (2000–2004), starting with a pilot-project in the school year 2000–01, was financed by the responsible federal ministry and the Austrian Council of Research and Technology Development. In order to take systemic steps to overcome the “fragmentary educational system”, the approach of a “learning system” (e.g., Krainer, 2005a) was taken. It adopted enhanced reflection and networking as the basic intervention strategy. The theoretical framework builds on the ideas of action research (e.g., Stenhouse, 1975; Altrichter, Posch, & Somekh, 1993), constructivism (e.g., von Glasersfeld, 1991; Ernest, 1994) and systemic approaches to educational change and system theory (e.g., Fullan, 1993; Willke, 1999). 

Besides stressing the dimensions of reflection and networking, the project had “innovation” and “work with teams” as two other main features. Innovations were not regarded as singular events that replace an ineffective practice but as continuous processes leading to a natural further development of practice. Participation in the initiative was voluntary. Teachers and schools defined their own starting point for innovations and were individually supported by researchers and expert teachers. The IMST intervention built on teachers’ strengths and aimed at making their work visible (e.g., by publishing teachers’ reports on the website). Thus teachers and schools retained ownership of their innovations. Another important feature of IMST was the emphasis on supporting teams of teachers from one school. The background for that approach is the experience that working with single teachers from different schools may often cause considerable progress for individual teachers, but does not necessarily have any impact on other teachers in their school (e.g., Borasi, Fonzi, Smith, & Rose, 1999; Krainer, 2001; Loucks-Horsley, Hewson, Love, & Stiles, 1998). 

The two major tasks of IMST (2000–2004) were 
· the initiation, promotion, dissemination, networking and analysis of innovations in schools (and to some extent also in teacher education at university) and 

· recommendations for a support system for the quality development of mathematics, science and technology teaching.

The second task led to a plan for a sustainable support system (e.g., Krainer, 2005b). Consequently, IMST was followed by the project IMST3 (2004–2007) which included all secondary schools and later by the project IMST3 Plus 
(2007–2009) which broadened the support of schools to the primary level. In addition, both integrated also new subjects related to mathematics and science, for example, information technology, descriptive geometry and geography. 

The first task of IMST remained the same in IMST3 and IMST3 Plus. However, about three times more schools were supported and also the participation in regional networks was fostered. It was intended to build up a network of practitioners, researchers and administrative staff that help to support the schools. Another task was to contribute to the implementation of a better infrastructure for mathematics and science education. The improved infrastructure was considered a basis and precondition for implementing a sustainable network of persons and institutions. 

Therefore, for example, the IMST project team designed for the responsible ministry a plan for how to establish competence centres for mathematics, science and technology education. Since its start, the IMST project aimed at promoting the negotiation of interests between school practice, educational research and educational policy. This meant, for example, including people from these fields and other relevant environments such as industry and media in an advisory board, and by organising several information and collaboration meetings throughout the country. 
Implementation and communication
Though having a university institute2 as a key player in the whole process, the whole project was understood as an initiative and movement led and influenced by a wide network of people and institutions in order to improve mathematics and science teaching and learning in Austria.

In the years 2000–2004, IMST supported each school-year about 50 innovation projects at Austrian upper secondary schools (and partially at other organisations, e.g., teacher education institutions). The participation was voluntary and gave teachers and schools a choice among four priority programmes (Basic education; School development; Teaching and learning processes; Practice-oriented research: Students’ independent learning) according to the challenges sifted out in the above mentioned research project. For example, the priority programme Basic education reacted to the unclear expectations concerning qualifications, knowledge and contents that students need when leaving secondary school; the programme consisted of four teams (biology, chemistry, mathematics, and physics); they supported initiatives at schools that planned and evaluated corresponding teaching units and worked out (inter-disciplinarily interconnected) concepts for basic education at the upper secondary level for the four subjects. 

In general, teachers in all four priority programmes – and later on also in a specific programme on gender sensitivity and gender mainstreaming – were supported by staff members of IMST. On average, teachers within a priority programme and their staff members met two times a year. In addition, communication also happened via phone or e-mail, and staff members organised individual meetings with their teachers at their school in order to collect or discuss data. 

In many cases, the first meeting focused on working out the goals of the innovation and/or the research question of teachers’ projects. Then the teachers refined their individual plans, carried out and analysed their investigations, supported by a staff member of IMST or another critical friend. In many cases, one meeting dealt with provisional versions of teachers’ innovation reports which were discussed in the whole group, in sub-groups or individually between a teacher and a teacher educator. The priority programmes can be regarded as small professional communities that not only supported each participant to proceed with his or her own project but that also generated a deeper understanding of critical reflection of one’s own teaching, of formulating research questions, of looking for evidence based on viable data, and on methods that help to gather that data. 

Since 2004, the direct support of innovative projects is organised within a so-called IMST fund. Teachers and researchers are invited to submit proposals for a project (fitting into one of the six priority programmes), indicating the goals, the implementation steps, the evaluation and the strategy for distributing its results. On the basis of two reviews, a board of curators decides which projects are supported, and in the positive case also the amount of provided financial support. It is intended to support about 150 projects each year. Whereas the fund primarily aims at reaching experienced teachers who are able to disseminate their experiences and results to other teachers (at their school, in their district or nation-wide), the formation of regional networks in each federal state aims at reaching a bigger mass of teachers. In addition, a gender network and a project “examination culture” have been established in order to offer advice and professional development activities for teachers. All these four measures of IMST3 (fund, regional networks, gender network and examination culture) were continued in the phase of IMST3 Plus. Step by step these measures are opened to teachers at the primary level.

Throughout all phases of IMST, the project is accompanied by a website (which includes, for example, all documents written by staff members and teachers), an annual conference (recently comprising four days) and a quarterly newsletter (with about 15 000 exemplars printed, recently dedicated to specific topics like “Subject-related school development” and “Examination culture”).
Evaluation and impact
Evaluation is an integral part of IMST since its start. Three different functions have been defined: 

· The process-oriented evaluation should generate – in a continuous feedback process – steering knowledge for the project management and the project teams. Sample instruments are interviews with team members or feedback by an advisory board. 

· The outcome-oriented evaluation should work out the impact of the project at different levels of the educational system. Sample instruments are questionnaires for schools or statistics about the participation of schools. Deeper insights have been obtained by cross-case analyses of the teacher reports. 

· The knowledge-oriented evaluation should generate new theoretical and practical knowledge about the interconnection between the project’s interventions and its impact, and it should lead to suggestions with regard to planning, carrying out and evaluating future projects. The professional development of selected teacher teams has been studied in greater detail.

In many cases, this self-evaluation also included data gathering and feedback by external experts. In addition, several independent evaluations were commissioned looking at the impact of the project or parts of it. For example, three international experts evaluated IMST (2000–2004) and IMST3 (2004–2006) at the end of these periods of the project and wrote corresponding reports.
The self-evaluation of IMST was done at different levels, in particular at teachers’ (individual, classroom and school) level and at the Austrian educational system level.

The teachers evaluated their work in class or within the context of school. They used different forms of action research methods. In some cases they were supported by their mentoring teams by means of external evaluation (for example, interviews, questionnaires, analyses of videos). Overall, the reports indicated significant gains of students’ and teachers’ affective and cognitive growth.

The programme teams of IMST had different goals and forms of collaboration with the teachers and thus developed different evaluation strategies. For self-evaluation the teams mostly used interviews (e.g., of teachers and school teams) and cross-reading of the documents and questionnaires. External evaluation comprised interviews of all team members and a peer review by an international expert team who reviewed the scientific outcomes of the priority programmes. Overall, the evaluations showed that the intended goals were reached to a high extent and gave insight into improvements for the continuation of the project.

The self-evaluation of the overall project relied not only on the evaluation of the programmes but also looked for further data looking at the whole project. For example, two questionnaires in which teachers and their principals were asked to give feedback concerning the goals, implementation, support and impact of the project were generated and analysed by an external expert (Specht, 2004). He worked out that IMST is seen as an important, useful and effective support for instructional and school development in mathematics and science. There were concrete changes in teachers’ orientations to actions, in particular concerning their readiness for innovations in teaching, their increased ability to reflect and self-evaluate, their higher care in choosing teaching contents and their more intensive collaboration with colleagues (e.g., Specht, 2004, p. 51). During the four years of IMST, the number of supported schools (and partially other institutions) continually increased from 34 in the school-year 2000/01 to 62 in 2003/04.

Commissioned by the University of Klagenfurt, three international experts (Messner, Prenzel, & Schratz, 2005) were invited to write an external report evaluating IMST and its plans for a continuation. Based on all these data, the project director wrote a report that summarised the project’s findings and impact so far (Krainer, 2005a, 2005b).

With the start of IMST3 in 2004, the efforts to investigate the impact of the programme were increased. In particular, for the IMST-fund student questionnaires and more systematic analyses of teachers’ reports were introduced. Answers to the teacher questionnaire demonstrate a high level of satisfaction with the programme. Teachers are highly motivated even though the additional workload of the programme can be substantial. IMST students were generally more interested in their subjects (in comparison to students in the Austrian PISA sample), and reported less anxiety. However, this may be due to their teachers, who show a high level of motivation already before they enter the IMST programmes.

A specific part of the evaluation of the fund is based on the self-determination theory of Deci and Ryan (2002). Using structural equation modelling, the interdependence of working conditions, teachers’ motivation, students’ perceptions of the learning environment and students’ self-related cognitions and emotions are examined. The study is conceptualised as longitudinal study performed in the classes taking part in the IMST fund. The surveys were operated in the first months and the last months of the school-year 2006/07. The sample includes about 1400 students and 60 teachers. Student questionnaires accessed student motivation, interest, subject-related anxiety as well as subject related self-confidence. One result of this study (Andreitz, Müller, & Hanfstingl, 2007) is that teachers who experience support from their colleagues and their principal assess their students as more motivated. Their students feel more intrinsically motivated than students from less supported teachers. However, if teachers feel pressure from colleagues and the principal, teachers’ and students’ intrinsic motivation decrease. Thus this study shows that innovative teachers should not be left alone when trying to improve their practice.

An external evaluation of the regional networks of IMST on the basis of a questionnaire for principals and superintendents found that this measure particularly promotes the communication and change of experiences among teachers and presumes (Heffeter, 2006, p. 47) that the IMST process – based on its innovative conception – breaks up inflexible thinking patterns in the Austrian educational system.

One of the spin-off-effects of IMST was the establishment of six Austrian Educational Competence Centres (AECC) for biology education, chemistry education, German language education, mathematics education, physics education and for instructional and school development.

The external evaluations of IMST and IMST3 by international experts gave the project valuable feedback and supported its growth. In particular, the report by Prenzel, Schratz, and Messner (2007) regards the project as a national and international remarkable and successful development programme. Suggestions focus to a large extent to an increasing emphasis on generating new scientific knowledge which coincides with the main strategy of IMST. 

Challenges and further steps
In the remaining time of IMST3 Plus (2007–2009), four major challenges are to be taken into consideration. Firstly, the work with primary schools has to be started. This is connected with intensive collaborations with the new established pre- and in-service teacher education institutions (Pädagogische Hochschulen) in Austria. Secondly, the recent formation of IMST networks at the district level (e.g., the VIA_MATH project as described in Schwetz, 2007) generates new questions of adequate support and evaluation. Here, a good interplay between the IMST fund and the regional networks seems necessary as well as collaborations with the regional school boards and the teacher education institutions. Thirdly, the ongoing discussion on the plan for the time after 2009 has to be finalised. Fourthly, steps towards improving the opportunities for research in mathematics education at the primary school level have to be taken. 

It should be mentioned that Austria has so far no professor for mathematics education at the primary school level which means that research in that area is fairly underdeveloped. Recently, IMST promotes the establishment of regional centres for mathematics and science education where teacher educators and researchers working at the primary and the secondary level are expected to collaborate. In addition, a joint initiative of the AECC-Mathematics and the Pädagogische Hochschule in Klagenfurt was taken to establish a first professorship for mathematics education at the primary level. 

2 Support of mathematics teachers through IMST – one example
When mathematics teachers critically reflected their own teaching, shared their experiences with other colleagues and took consequences perceptible to students, most IMST initiatives by teachers were highly successful. In a lot of cases, the initiatives had also an impact on other teachers or even the whole school. In the following, an example of such a considerable change at an IMST school is briefly described (for more details see e.g., Jungwirth, 2002 and 2005; Benke, 2006; a description of the professional growth at the individual and organisational level and a theoretical explanation are given in Krainer (2005a).
With the help of a mentor (Helga, a teacher educator), two secondary mathematics teachers from one school (Gottfried and Maria) started investigating their own teaching practices. The analysis of Gottfried’s teaching revealed that he and the students constructed different frames of exam situations at the blackboard. Whereas Gottfried aimed at generating an open learning environment for the students, some of them felt foolish in front of their class-mates. Maria carried out an open learning experiment in trigonometry and collected relevant data. She highlighted that her changed role in the classroom enabled her to observe students’ learning and thus have more time to reflect on her teaching. She found that she is now more aware of the importance of supporting students’ autonomous learning, and she is willing to invest time. The positive experience aroused these teachers’ interest to also seek collegial feedback from other teachers. They motivated another colleague at their school and initiated mutual classroom visits among this group of three teachers. They also shared their experiences with other mathematics and science teachers within the IMST project and at their school as well as with members of the school-board. 
Finally, this had consequences for the whole school: all teachers decided to either use instruments to evaluate their own teaching or to join a peer-group where teachers visit each other in classrooms. Another outcome was the introduction of a new subject putting an emphasis on laboratory teaching in science. In a recent series of interviews (about two years after the school’s participation in IMST), one of the two mathematics teacher stressed: “And I regard that as a sensational success, since it began with a small questionnaire … and it ended up with a school development program with 120 teachers enthusiastically involved, and now these two years are gone … We are working now on a school development program 2, where it is considered to retain certain elements like the peer-groups and to support it. In particular, young colleagues regard that as a chance to observe senior ones and to ask for further information.” He also stressed that “the principal’s readiness or positive attitude towards our participation at IMST” always was very positive, and that they “reported continually in conferences”. For him, this led to the fact that “the importance of such participations is raised”, that “one is not smiled at by the teaching staff”, and that “the other teachers might see a benefit for themselves” (translated from Benke, 2006).
The example shows that three dimensions (see e.g. Krainer, 2006) are of great importance: content (e.g., interesting mathematical activities for the students), community (collaboration of teachers within teams, communities and networks, supported by teacher educators) and context (conducive general conditions, e.g., the support by other colleagues and the principal). In particular, the social and organisational aspect is very important (see e.g., Pegg & Krainer, 2008).
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