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Abstract

This paper discusses a large‑scale, longitudinal research project developed to study a province-wide professional development initiative designed to assist elementary teachers in their teaching of mathematics. This initiative provided professional development for 4000 primary teachers and 4000 principals in the province. The paper provides a close examination of the research design and results of the first year of research. As such, this paper helps to fill an identified gap in the research literature by providing a large-scale study with a longitudinal perspective in an important area that has been has been researched most frequently through small-scale (n<20) qualitative studies (Adler, 2004; Ball, 2003).  It also suggests some ways in which community building and research play valuable roles in supporting and stimulating the development of teacher knowledge.
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This research fits within the second strand of the ICMI-Study 15, Professional Learning for and in Practice, as it examines a province-wide professional development initiative designed to assist elementary teachers in their teaching of mathematics. The paper discusses the first stage of a large‑scale, longitudinal research project developed to study this initiative and provides a close examination of the research design and results of the first year of research. As such, this paper helps to fill an identified gap in the research literature by providing a large-scale study with a longitudinal perspective in an important area that has been has been researched most frequently through small-scale (n<20) qualitative studies (Adler, 2004; Ball, 2003).  It also suggests some ways in which community building and research play valuable roles in supporting and stimulating the development of teacher knowledge.

As evidenced by the focus of the ICMI-15 study and recent research, the role of the teacher is a critical element in the development of students’ mathematical understanding (Ball & Even, 2004; Ball & Bass, 2002; Boaler, 2002).  In Canada, the focus on teacher development is also evident.  At the provincial level in Canada, several provinces, including Ontario, have undertaken large-scale initiatives to improve the teaching of mathematics through intensive professional development for elementary school teachers. This paper focuses on the study of the Ontario Ministry of Education initiative to provide professional development in mathematics to 4000 primary school (children aged 5 – 8) teachers and 4000 principals. 

Identification of the Problem

Research shows that children learn more mathematics when instruction is based on students’ ways of thinking, when students are engaged in problem solving, (Yackel & Cobb, 1996; Yackel, 1997; Graves & Zack, 1997) and when teachers assist students in seeing the connections among various mathematical ideas (Lampert, 1990). However, such inquiry-based learning poses challenges for elementary teachers, who often have inadequate facility with mathematics to effectively implement reform-oriented mathematics programs (Ball, 1988, 1990; Ball, Lubienski, & Mewborn, 2001; Ma, 1999). Elementary classroom teachers often have difficulty providing rich mathematical experiences, recognizing the mathematical connections that children are making, seeing children's mathematical inventions, and connecting them to mathematical norms (Lampert, 1990). A variety of initiatives have been used to address the problem. This particular provincial professional development program is one such attempt to improve the quality of mathematics teaching in learning.

Description of the Professional Development Initiative

The Ontario Ministry of Education embarked on a large-scale initiative in 2002 to assist elementary teachers in increasing their expertise in effective reading and mathematics teaching. The initiative began with the establishment of two expert panels, one for Reading and one for Mathematics which served as the basis for the professional development project known as The Early Reading and Early Math Strategies. This paper focuses specifically on the mathematics professional development initiative. 

The Early Math Expert Panel Report 

The Early Math Expert Panel Report was the starting point for this initiative and played a pivotal role in sharing the research and best practices of teaching mathematics in the early grades (Suurtamm & Dawson, 2003). Drawing on the most current research in mathematics education (Clements, Sarama, & DiBiase, 2004; Kilpatrick, Swafford & Findell, 2001), the report discussed the importance of the learning environment, the use of manipulatives, teaching through problem solving, mathematical communication, and the role of the teacher. As well, The Expert Panel Report made recommendations to inform the professional development initiative based on the available research. These include:

· a focus on developing teachers’ pedagogical content knowledge (Kahan, Cooper & Bethea, 2003; Shulman, 1987) ;

· a recognition and valuing of teachers’ prior knowledge and beliefs (Darling-Hammond & Ball, 2000);

· opportunities for teachers to connect with other teachers (Bednarz, 2000; Heaton, 1992, 2000; Stein, Silver & Smith, 1998);

· opportunities for teachers to connect new knowledge with work in their own classrooms (Kazami & Frank, 2000); 

· an active role for the school principal as mathematics learner and instructional leader (Burch & Spillane, 2001; Fullan, 1992, 2001). 

The report discusses the importance of building a mathematical community of learners, both within classrooms and within professional learning community.

Implementation of the professional development

In response to these recommendations, the Ontario Ministry's implementation of the Early Math Strategy involved an extensive training program for 1 principal and 1 teacher (called a Lead Teacher) from each primary school in the province. This resulted in the training of 4000 principals and 4000 teachers over a one year period.  At the same time, the Ministry devoted substantial time and money to develop resources and materials to support the training. An important focus of the professional development initiative was to build teachers’ understanding of the mathematics they teach and to do so by modeling and supporting a mathematics community of learners. The initial stage supported teachers in their understanding of the “big ideas” in the content strand of Number Sense and Numeration, as well as providing a variety of teaching strategies and activities to help teachers develop their students’ understanding of number concepts. 

Building a training model for 4000 participants with a goal to build learning communities was a challenge.  A tiered approach was used to first train provincial trainers, who in turn developed regional trainers, then school board level trainers who in turn provided the professional development to the Lead Teachers in the school board. Initially, there were three days of professional development for the teachers and one day for principals. The teacher workshops were held in school boards to facilitate networking with teachers within a community.  After the initial phase of three days of workshops, teachers were to explore their new learning within their classrooms and meet again after several months for three additional days to share their experiences. This was done in a variety of ways including visiting one another’s classrooms, developing lessons together, attending workshops and further extending their understanding of mathematics teaching and learning. All professional development was accompanied by resource materials specifically designed for the initiative, including print material, manipulatives, and e-learning modules.

Design of the Research Study

Theoretical framework
The research to examine the Early Math Strategy is a longitudinal study designed to gather data over two years to capture the developmental nature of the implementation process. Theoretically, we are drawing on a social-constructivist framework (Confrey, 1990; Davis, Mayer & Noddings, 1990; Forman, 2003; Yackel & Cobb, 1996), recognizing that we construct knowledge in relational networks which emerge from the interactions of people and activity contexts. More specifically, to understand the developmental changes of the Lead Teachers, the Principals, and the classroom implementations, we are drawing on Activity Theory (Cole 1996; Engeström 1994; Leont'ev, 1981; Vygotsky, 1978, 1986) a conceptual approach that provides a framework for describing the contexts of actions and processes while focusing on the mediating role of language and artifacts. Investigating the ways in which these mediating resources are created and transformed within the context of the activity will assist us in understanding the changes in teacher knowledge, attitudes, and classroom practice, as well as changes in principal leadership and growth. 

Research design
The professional development initiative described in this paper, as is the case with all human activity is context sensitive and the scope of the research design needs to be able to investigate those contexts in order to understand the implementation. As such, the research plan is multifaceted and focuses on three aspects: 1) understanding current practices; 2) examining changes in teacher knowledge, classroom practice, and school leadership as a result of participation in this initiative; and 3) examining the effectiveness of the various components of the initiative.  The research project includes the gathering of both quantitative and qualitative data and has several different components to address the complexity of the Early Math Strategy. These include questionnaires; document analysis of training materials and agendas; interviews; and case studies.

Questionnaires are administered to 4000 Lead Teachers in mathematics and to 4000 elementary school principals twice throughout the two-year study. Although a sample could have been used, the research team decided to use the full population of 8000 to give voice to the participants and to encourage their involvement in both the research and initiative. Questionnaires for Principals examine school leadership, improvement planning, and support for teachers and students in mathematics. The questionnaires for Lead Teachers investigate the ways in which they understand teaching mathematics, the instructional strategies they use, the types of professional development they take part in, and the resources that they would find useful in their practice. The first set of questionnaires for Lead Teachers and Principals was administrated in spring 2004. The second set will be administered in spring 2005.  The research also analyzed the professional development materials and agendas of sessions in order to investigate the professional development activities and resources that Lead Teachers and Principals received. 

Case studies at nine schools from six school boards in Ontario will provide further information about the implementation of the initiative. The schools and boards have been selected according to their size, language of instruction, geographical location, and urban or rural context to capture the diversity of educational settings in the province. The case studies include interviews with the Principal and the Lead Teacher in mathematics and observations of the Lead Teacher classrooms over a one week period. These observations will be recorded through observational field notes and video tape.  Those responsible for delivering the professional development are also interviewed. The use of case studies and interviews strengthens the data gathered through the self-reports of questionnaires and provides a more complete description of implementation (Ross, McDougall, Hogoaboam-Gray, & LeSage, 2003).

Research Design and Building Community
Response to the research initiative has been excellent and this is evidenced in several ways. 

· Response rates to questionnaires from teachers and principals is nearly 60%; 

· Response rates to open-ended questions are between 80-95%; 

· All six boards accepted the invitation to participate in the case studies;

· 87% of open-ended questionnaires sent to board contacts were returned with detailed and informative responses. 

This high response suggests that the field is enthusiastic about the initiative and that the researchers’ desire to give all participants in the initiative a voice was well-received.

Current Findings 

This paper highlights the preliminary findings as the project nears the end of the first year. 
· Communication in mathematics is highly valued by the Lead Teachers. 
Student involvement or engagement in learning was reported by 43% of Lead Teachers as the highest indicator of an effective mathematics lesson. “Hearing math talk” was reported by 42% of as a key indicator of an effective mathematics lesson. When asked what strategies teachers use to promote communication in math, teachers indicated the use of manipulatives, cooperative problem solving and open-ended questions as motivators to mathematical communication. The use of manipulatives to teach primary math was reported by 98% of Lead Teachers.

· Problem solving is incorporated in the practice of all Lead Teachers. 

91% of Lead Teachers report imbedding problem solving in their teaching while 9% report that they teach problem solving as a separate unit. 76% of Lead Teachers engage students in problem solving after a concept has been taught and can be applied while 48% use problem solving as a way to explore a new concept. 

· Lead Teachers report that they use a variety of different assessment techniques in assessment mathematics with primary students. 

When asked what methods are used in primary classrooms to assess mathematics, observation was reported by 77% of teachers, daily work by 62%, student worksheets by 61%, questioning by 55%, and tests by 38%. Such data supports the notion that teachers are assessing mathematics in multiple ways and that they are recognizing the value of observing young children doing mathematics.

· Lead teachers value collaboration with colleagues.

When Lead Teachers are asked how they learn best about math teaching, 79% report dialogue with colleagues as the most valuable resource; 75% report school board-level workshops, and 55% report independent learning. Principals and Lead Teachers both indicate that their work is supported through school-based grade-level or division-level meetings among teachers thus supporting the importance of collaborative work which further suggests the importance of developing professional communities of learning. 

Conclusions

Building mathematical community is an essential component of sound mathematics teaching and learning (Forman, 2003). This large-scale provincial initiative recognizes the value of building community to support teacher development. Burkhardt & Schoenfeld (2003) have suggested that educational research needs to be more directly linked to the practical needs of the education community. The preliminary findings of this study suggest that research that is designed with the community of participants in mind, as well as their contexts, has the potential to substantially enhance the momentum of the contexts studied and alter teacher attitudes and practices. 
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