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Impact analyses and evaluations of professional development programmes are mainly scheduled during or at the end of a particular programme. They aim at and provide results regarding immediate and short-term effects. However, apart from and beyond that, an analysis of sustainable effects is crucial. To address this issue, this contribution deals with the central question: What is the sustainable impact of professional development programmes? Theoretical models and empirical findings are introduced. In particular, this contribution provides two case studies' results regarding Austrian professional development programmes' impact. Here, the factors which foster or hinder the sustainability of impact are in the focus. Finally, implications for professional development programmes' implementation and research are discussed.

Introduction

The question of how to promote mathematics teachers' professional development has been discussed in various papers (e.g. [START_REF] Krainer | Inquiry-based learning for pupils, teachers, researchers, and representatives of educational administration and policy: reflections on a nation-wide initiative fostering educational innovations[END_REF][START_REF] Loucks-Horsley | Principles of effective professional development for mathematics and science education: a synthesis of standards[END_REF][START_REF] Sowder | The mathematical education and development of teachers[END_REF][START_REF] Zehetmeier | The sustainability of professional development[END_REF]Zehetmeier, , 2014a, b;, b;[START_REF] Zehetmeier | Ways of promoting the sustainability of mathematics teachers' professional development[END_REF]. In this context, the question of impact is of particular relevance. Evaluations and impact analyses of professional development programmes are mostly conducted during or at the end of a project and exclusively provide results regarding short-term effects. These findings are highly relevant for critical reflection of the terminated project and necessary for the conception of similar projects in the future [START_REF] Fullan | The future of educational change: system thinkers in action[END_REF]. However, apart from and beyond that, an analysis of sustainable effects is crucial [START_REF] Loucks-Horsley | Principles of effective professional development for mathematics and science education: a synthesis of standards[END_REF]. Despite its central importance for both teachers and teacher educators, research on sustainable impact is generally lacking within teacher education disciplines (Datnow, 2006;[START_REF] Rogers | Diffusion of innovations[END_REF]. This kind of sustainability analysis is often missing because of a lack of material, financial and personal resources [START_REF] Mclaughlin | Theory-based change and change-based theory: going deeper, going broader[END_REF][START_REF] Hargreaves | Sustainability of educational change: the role of social geographies[END_REF].

Theoretical framework

The expected impacts of professional development programmes are not only focused on short-term effects that occur during or at the end of the project, but also on long-term effects that emerge (even after some years) after the project's termination. Effects that are both short-term and long-term can be considered to be sustainable. Sustainability may refer to both system and/or individual level. Sustainability can be defined as the lasting continuation of achieved benefits and effects of a project or initiative beyond its termination (DEZA, 2002).

Empirical evidence concerning the impact of professional development programmes points to the finding that "prior large-scale improvement efforts (…) have rarely produced lasting changes in either teachers' instructional practices or the organization of schools" [START_REF] Cobb | The challenge of scale: designing schools and districts as learning organizations for instructional improvement in mathematics[END_REF] Thematic Working Group 18 Proceedings of CERME10 232). Thus, it seems reasonable to focus on factors which might foster the broad effects and scaleup of professional development programmes' innovations. [START_REF] Cobb | The challenge of scale: designing schools and districts as learning organizations for instructional improvement in mathematics[END_REF] highlight networks, shared vision and mutual accountability as key factors.

Teacher networks are described, for example, as groups of colleagues who provide social support in developing demanding instructional practices; this affords time built into the school schedule for collaboration among teachers and access to colleagues who have already developed relatively accomplished instructional practices.

Moreover, a shared vision of high quality instruction fosters the scale-up of impact: this includes a shared vision concerning the question of instructional goals (what pupils should know and be able to do) and the question of how pupils' development of these forms of knowing can be supported.

Another key factor which fosters the scale-up of innovations and impact in teacher education is mutual accountability. This means, for example, that if school leaders hold teachers accountable for developing high-quality instructional practices, thenin turnschool leaders are mutually accountable to teachers for supporting teachers' learning.

Examples of Austrian professional development programmes

This paper deals with the analysis of sustainable impact of professional development programmes. In particular, two Austrian professional development programmes are in the focus: the IMST project and the PFL courses:

IMST project

In Austria, a national initiative with the aim to foster mathematics and science education was launched in 1998: the IMST project. Since then, this initiative has undergone several adaptions and is still running.

IMST was implemented in three steps:

1. The task of the IMST research project (1998)(1999) was to analyse the situation of upper secondary mathematics and science teaching in Austria and to work out suggestions for its further development. This research identified a complex picture of diverse problematic influences on the status and quality of mathematics and science teaching: For example, mathematics education and related research was seen as poorly anchored at Austrian teacher education institutions. Subject experts dominated university teacher education, while other teacher education institutions showed a lack of research in mathematics education. Also, the overall structure showed a fragmented educational system consisting of lone fighters with a high level of (individual) autonomy and action, but little evidence of reflection and networking [START_REF] Krainer | Innovations in mathematics, science and technology teaching (IMST2): Initial outcome of a nation-wide initiative for upper secondary schools in Austria[END_REF]; see summarized in [START_REF] Pegg | Studies on regional and national reform initiatives as a means to improve mathematics teaching and learning at scale[END_REF].

2. The IMST² development project (2000)(2001)(2002)(2003)(2004) focused on the upper secondary level in response to the problems and findings described. The two major tasks of IMST² were (a) the initiation, promotion, dissemination, networking and analysis of innovations in schools (and to some extent also in teacher education at university); and (b) recommendations for a support system for the quality development of mathematics, science and technology teaching. In order to take systemic steps to overcome the "fragmented educational system", a "learning system" [START_REF] Krainer | Pupils, teachers and schools as mathematics learners[END_REF] approach was taken. It adopted enhanced reflection and networking as the basic intervention strategy to initiate and promote innovations at schools. Besides stressing the dimensions of reflection and networking, "innovation" and "working with teams" were two additional features. Teachers and schools defined their own starting point for innovations and were individually supported by researchers and project facilitators.

3. The IMST3 support system started to continuously broadening the focus to all school levels and to the kindergarten, and also to the subject German language (due to the poor results in PISA). The overall goal of IMST is to establish a culture of innovation and thus to strengthen the teaching of mathematics, information technology, natural sciences, technology, and related subjects in Austrian schools (see e.g. Krainer et al., 2009). Here, culture of innovation means starting from teachers' strengths, understanding teachers and schools as owners of their innovations, and regarding innovations as continuous processes that lead to a natural further development of practice, as opposed to singular events that replace an ineffective practice (for more details see e.g. [START_REF] Krainer | Innovations in mathematics, science and technology teaching (IMST2): Initial outcome of a nation-wide initiative for upper secondary schools in Austria[END_REF].

For the future, the ministry expressed its intention to continue IMST. The overall goal is setting up and strengthening a culture of innovations in schools and classrooms, and anchoring this culture within the Austrian educational system.

PFL courses

In Austria, in-service professional development courses (PFL -Pedagogy and Subject-specific Methodology for Teachers) support teachers in developing their teaching skills and updating their knowledge of the subject they teach. The participants systematically reflect their professional work. PFL started in 1982, has undergone several adaptations, and is still running (for more detail, see [START_REF] Rauch | 30 years of educational reform through action research: traces in the Austrian school system[END_REF]. The programme is designed for teachers from all types of schools across the nation, including all age groups of pupils. The overall focus of PFL is on the professional development of teachers in the fields of content, didactics and pedagogy. School development plays a central role without losing sight of classroom instruction. The PFL concept is based on the implicit knowledge, which teachers possess concerning their work in class, their experience and their individual strengths. The course is intended to contribute to the further development of the teachers as professionals. Teachers are introduced to the methods of action research [START_REF] Altrichter | Action Research, Professional Development and Systemic Reform[END_REF]. They investigate different aspects of their teaching by defining research questions of relevance to their work, by collecting data, interpreting and drawing conclusions and writing down their findings in reflective papers.

The major goals of the teaching process should be primarily achieved throughand not detached fromthe subject-related design of teaching and learning. PFL takes two years and focuses on the individual teachers' own reflective practice using action research methods [START_REF] Altrichter | Action Research, Professional Development and Systemic Reform[END_REF]. By the end of the course, each participant is obliged to write a reflective paper using the data he/she has gathered throughout the process using qualitative and quantitative research methods. Participants are part of a community of practice [START_REF] Wenger | Communities of practice: Learning, meaning, and identity[END_REF], since their work is embedded in a structure of mutual assistance and external support.

Case studies

Within both professional development programmes (IMST and PFL) several case studies were conducted, with the aim to research the sustainability of the programmes' impact. The case studies presented here were based on data from various sources and time periods to gain validity by "convergence of evidence" (Yin, 2003, p. 100): data collection contained documents (e.g. teachers' project reports, which were written during and at the end of teachers' participation in the project) and archival records (e.g. author's field-notes, which originate from author's activities as teacher educator in the project). Moreover, interviews were conducted from an ex-post perspective with former participating teachers, teachers' colleagues, principals, and project facilitators and teacher educators. Data analysis included both inductive and deductive elements [START_REF] Altrichter | Action Research, Professional Development and Systemic Reform[END_REF] to analyse both the impact and the respective fostering (or hindering) factors. For example: document analysis aimed at gathering information concerning short-term impact which (a) occurred during and/or at the end of the teachers' participation and (b) might hold the possibility of sustainability and scale-up. Subsequently, this document analysis formed the basis for the interviews series. The interviews were semi-structured, since they were based on the analysis of existing data (document analysis), which identified various levels of short-term impact which occurred during and/or at the end of teachers' participation. The interviews were designed accordingly (a) to gather data concerning the sustainability and scale-up of impact and (b) to reveal other types of impact which were not already coded. Data was analysed by qualitative content analysis [START_REF] Mayring | Qualitative Inhaltsanalyse [Qualitative content analysis[END_REF] in order to identify common topics, elaborate emerging categories, and gain deeper insight into teachers' professional growth over time. The case studies' results were validated by means of member checking.

Exemplary case study from IMST

The case of Barbara, a former participant of the IMST² project, provides exemplary results concerning the issue of sustainable impact: Barbara's beliefs regarding inquiry based learning (IBL) and open learning environments were changed during her participation in IMST²: Due to her participation in the project, she regularly used IBL settings (which she did not before her participation) and experienced positive effects on students' content knowledge, as well as on their self-confidence. In particular, she stated that there were positive changes regarding low-performing students' self-esteem, as well as the further development of high-performing students' competencies. This change was evidenced by data (both document analysis and interviews). In the interview, Barbara highlighted that this impact was sustained and enabled her to create and implement innovative teaching methods in a long-term way.

Besides this impact, she also developed (due to her participation in the IMST²) an inquiry stance towards the content and the method of her teaching. This inquiry stance was mirrored by her new belief about the value of feedback: due to the teacher education programme, topics such as classroom atmosphere and teaching quality were discussed with and evaluated by her students on a regular basis. This impact on her own IBL was sustained: Barbara stated in the interview, that she was convinced of the importance of critically evaluating her teaching. Even after the programme's termination, she continued to actively facilitate her students' communication and discussion about her teaching practices.

One of the central factors that fostered the sustainability of impacts was the engagement of the school's principal. The school had an efficiently organized management and school development structure, which represented another fostering factor. Additionally, Barbara experienced personal benefit, which also helped the impact persist after the programme's termination. Both the teacher and principal highlighted (in the interviews) the role of the IMST² project facilitator as a fostering factor. Yet another fostering factor was represented by the IMST² workshops and seminars, where Barbara (according the interview data) got support and opportunities to share her experiences and to make her success and remaining challenges visible.

Exemplary case study from PFL

Eve participated in the PFL course and had the goal to promote open learning settings by implementing new teaching approaches in her mathematics classes. Document analysis showed that she aimed at enhancing pupils' inquiry-based learning opportunities. During her participation in PFL, Eve changed her teaching practices and implemented innovative teaching approaches to enhance her pupils' self-directed and independent learning. Interview data clearly shows that this impact was sustained: the changes in Eve's teaching practices stayed effective even after the termination of PFL. Core fostering factors were the school principal's support and a high level of mutual appreciation within the school staff, and pupils' benefit. In particular, Eve highlighted in the interview that the pupils' joy and success are core reasons for her to keep this impact sustained. Document analysis further showed that Eve conducted various self-evaluations during her participation in PFL and gained new knowledge concerning action research methods. In the interview, she stated that she continued to reflect on her teaching practices, even after the end of her participation. This impact was sustainable, due to Eve's direct advantage (by getting information on her classroom performance) and the support of the school's principal (who was convinced that reflections and self-evaluations are important steps on the journey to school quality). This impact was also fostered by Eve's colleagues' joint reflection and communication. Interview data shows that teachers cooperated beyond school subjects and held similar values and standards concerning pedagogical or subject-related issues. The school's principal showed great interest in, and provided support for, the teachers' activities. He participated in the school's mathematics study group and shared his perspective with the teachers.

Discussion

The factors that fostered the sustainability of the case studies' impacts are mirrored by the theoretical framework (see above):

IMST and PFL enabled networking [START_REF] Cobb | The challenge of scale: designing schools and districts as learning organizations for instructional improvement in mathematics[END_REF] by community building, mutual appreciation and joint reflection. A particular factor was the principals' content knowledge [START_REF] Cobb | The challenge of scale: designing schools and districts as learning organizations for instructional improvement in mathematics[END_REF]. Teachers' colleagues provided communication and social support in developing and reflecting instructional practices [START_REF] Cobb | The challenge of scale: designing schools and districts as learning organizations for instructional improvement in mathematics[END_REF]. Moreover, a shared vision [START_REF] Cobb | The challenge of scale: designing schools and districts as learning organizations for instructional improvement in mathematics[END_REF] of values and standards regarding high quality mathematics instruction was established. In particular, the case studies' results highlight that the promotion of reflection and networking as key interventions [START_REF] Krainer | Innovations in mathematics, science and technology teaching (IMST2): Initial outcome of a nation-wide initiative for upper secondary schools in Austria[END_REF] turned out to be supportive for the sustainability of the professional development programmes' impacts.
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NOTE

Parts of this paper are based on [START_REF] Krainer | Inquiry-based learning for pupils, teachers, researchers, and representatives of educational administration and policy: reflections on a nation-wide initiative fostering educational innovations[END_REF], [START_REF] Zehetmeier | Sustaining and scaling up the impact of professional development programmes[END_REF] and [START_REF] Zehetmeier | Researching the impact of teacher professional development programmes based on action research, constructivism, and systems theory[END_REF].