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The Augsburg College Mathematics Department in cooperation with the Education Department has been heavily involved over the past two years in a significant grant funded endeavor to develop a teaching professional continuum model at Augsburg that makes relevant to K-6 pre-service teachers the connections between mathematics components of the licensure program and to quality teaching of mathematics in the K-6 classroom. Moreover, the development of the Augsburg teaching continuum makes use of in-service professional development to inform restructure and revision of pre-service K-6 mathematics content courses. 

This paper details the development of the teaching continuum at Augsburg with focus on rationale, related research, and essential features that were considered significant in design and implementations of the continuum thus far. Particular attention will be given to the mathematics content courses and how interaction with in-service teachers can be used to inform restructure and revision. We will also discuss ongoing work to design a research framework that addresses the effectiveness of the continuum and which will add to the existing international research base. A component of this research is cooperating in a large-scale study of pre-service teachers’ mathematical knowledge with a variety post-secondary institutions across the United States. 

Development of a K-6 Mathematics Teaching Professional

Continuum: Focus on Mathematics Content Courses

The Augsburg College Mathematics Department in cooperation with the Education Department has been heavily involved over the past two years in a significant endeavor to develop a teaching continuum model at Augsburg that makes relevant to K-6 pre-service teachers the connections between mathematics components of the licensure program and moreover, the relevance to quality teaching of mathematics in the K-6 classroom. The development of the Augsburg teaching continuum began with grant support from Augsburg College, the Preparing Mathematicians to Education Teachers (PMET) arm of the Mathematics Association of America (MAA), and the Minnesota Science and Mathematics Partnership Program of the Department of Education of the State of Minnesota. Focus of the grant supported work was and continues to be on restructure and revision of pre-service K-6 mathematics content courses; relation of content courses to the K-6 mathematics methods course; and the development of a year long K-6 professional development program for in-service teachers. This approach of working from the pre-service/in-service ends, if you will, of the continuum has greatly informed the restructure of the mathematics content pre-service courses. The mathematical knowledge and preparation level of the in-service teachers comes full circle to complete the continuum and suggest revisions and enhancements to the pre-service preparation of K-6 teachers to teach mathematics.

Background and Program Details

A qualitative study done in 2002 funded by an internal Augsburg grant revealed that pre-service and new in-service K-6 teachers of mathematics at/from Augsburg typify and echo the US national research-based need for the development of teaching professional continuums. Through in-depth dialogue and investigation, pervasive and prohibitive negative attitudes, beliefs and paradigms of teaching and learning were identified among K-6 pre-service teachers who were not specializing in mathematics. The findings of the study revealed that students/alumni at Augsburg 

1. typically do not like mathematics or mathematics courses and after taking the content courses, they remain unenthusiastic about continuing to learn and teach mathematics.

2. have difficulty understanding mathematical concepts and are able to pass the current mathematics content courses with a weak conceptual basis and a lack of fundamental computational skill. On the other hand, pre-service teachers with strong mathematical background are bored by the elementary level treatment of the mathematics and the slow pace of the courses.

3. have the misconception that they do not need to understand mathematics beyond what is taught in the K-6 curricula; 

4. are not cognoscente of the breadth and depth of mathematical content in current K-6 mathematics curricula and generally resist learning topics that they do not perceive as necessary for teaching at the K-6 level.

5. cannot clearly explain the mathematics either in written or spoken form.

6. tend to be contextual, connected and hands on learners who do not necessarily respond to the teaching and learning paradigms traditionally found in mathematics discipline based courses.

7. leave the mathematics content courses with little experience working with K-6 mathematics curricula used in schools today. Moreover, there is little direct connection or coordination with the K-6 mathematics methods course in terms of content and pedagogy taught by the Education Department.

After careful consideration of these results and the relationship to the significant, substantiated statements and recommendations of national publications and organizations, the development of the Augsburg Teaching Continuum began to take shape and direction. In particular, The Augsburg study echoed the findings and recommendations of Liping Ma presented in her work Knowing and Teaching Elementary Mathematics. Ma gives the clear message to those preparing future teachers on the inadequacies of the standard model by which teachers for elementary grades are prepared. Ma illustrates the need for deep understanding of basic content knowledge by elementary teachers and the necessary and critical understanding of the connection between content and pedagogy. Other publications relevant to Augsburg’s program that directed the development of a continuum included: Adding It Up: Helping: Children Learn Mathematics, Educating Teachers of Science, Mathematics, and Technology: New Practices for the New Millenium (NRC), and The Mathematical Education of Teachers (METS), the development of the Augsburg Teaching Continuum began to take shape and direction. The METS document, published as a joint effort of the two mathematical professional societies AMS and MAA, was particularly relevant to the project in that provides a significant compilation of curriculum, policy issues and guiding frameworks intended to stimulate efforts to enhance the mathematical education of prospective teachers within college and university mathematics departments. At the state level, consideration was also given to the Transforming Teacher Education Initiative of the Minnesota state organization SciMathMN and the subsequent publication of the Transforming Teacher Education Framework (for Minnesota) in 1995.

From the national literature and our internal study, revision of the mathematics content courses for K-6 pre-service teachers was initiated as well as the development of a framework for a teaching continuum focused on K-6 mathematics. To date the teaching continuum has provided:

Proposal, approval and offering of a two course mathematics content sequence to be enrolled only by K-6 pre-service students:  Two new mathematics content courses for pre-service K-6 teachers (sequential vs. previously stand alone) were proposed to and approved by the Augsburg Academic Affairs Committee in April, 2004. Pedagogically, within the new sequence of courses, difficult topics will be treated at a rudimentary level in the first course and then revisited in the second course to allow for the development of a deeper level of understanding and acquisition of content knowledge. Mathematical representation of ideas in the first course will be varied and will include multiple representations (graphical, symbolical, numerical) of ideas. These representations will be developed in more deeply in the second course. The mathematical topics in both courses will be directly aligned with the NCTM Principles and Standards for School Mathematics and the Minnesota Board of Teaching (MBOT) certification standards. The courses are being offered for the first time during the 2004-05 academic year and are currently enrolled by students seeking K-6 licensure.

Revised Course Pedagogy:  Revisions to course pedagogy in the aforementioned courses include explicit incorporation of discussion and informal presentation of mathematical ideas and reasoning. This is reinforced through the adoption of broader evaluation and assessment tools (e.g. percentage of course grade dependent on interaction within the classroom and narrative homework assignments and test items related to mathematical content and evaluation techniques such as those presented at the MAA PREP Workshop “Active Learning Approaches to Teaching Mathematics Content Courses for Elementary and Middle-School Teachers” by Laurie Burton and Maria Fung at Western Oregon University, July 2003).

Incorporation of exposure to K12- Curricula into courses: Topics in the K-12 curricula are threaded into the courses with an emphasis on exposure to K-6 curricula. NCTM and MN State Standards will be referenced to make explicit the vertical alignment of topics within the K-6 curricula and make explicit to that K-6 teachers must understand mathematics and mathematical thinking at a much greater level of depth than the level of the students they are teaching. 
Coordination and Collaboration with Mathematics Education Course and Faculty: There has been ongoing collaboration between the Mathematics and the Math Education Specialist (Linda Stevens) at Augsburg to achieve closer alignment between the mathematics content courses and the math methods course. The content courses will now be required of students before they are allowed to enroll in the Mathematics K-6 Methods course.

Development of a 3-Year Professional Development Program for In-service K-6 teachers: The key components of this program are acquisition of mathematical content knowledge, adaptation and implementation of Cognitively Guided Instruction (CGI) into K-6 mathematics classrooms, and making relevant the connection of depth of content and CGI to the specific mathematics curriculum being used in the participating teachers schools. Each year of the program addresses a different strand of mathematical content – numbers and operations (year 1), geometry and measurement (year 2), data, probability, statistics and algebraic thinking (year 3). This is the first time such a program has been offered as a collaborative effort between Mathematics and Mathematics Education at Augsburg. In June 2004, Mathematics faculty (Haines and Bibelnieks) and Linda Stevens co-directed (and taught) began the program with a two-week full day summer institute for in-service K-6 teachers from charter schools in the Twin Cities area. This has continued with an academic year component of the program which brings participants back together as a group to link content and pedagogy from the summer institute with what’s happening in participants’ classrooms/schools as well as provide one-on-one collaboration between higher ed faculty and participants to make progress on the individual goals of each of the participants as they relate to their particular classroom and school settings. The latter collaboration takes place on-site at each participants’ schools between January - April, 2005. 

The work on the continuum at Augsburg is ongoing and extensive. The next steps have already been taken to direct a research agenda to further the model and provide research based findings that support the directions taken and future directions for the Augsburg teaching continuum as well as dissemination of the model to like institutions across the US and abroad. We (Matt Haines and Tracy Bibelnieks) are directly involved with colleagues across the US who have initiated a large-scale study assessing pre-service teachers mathematical understanding as they progress through teacher education programs. We have proposed and are collaborating with Education researchers from the University of Minnesota as well as curriculum specialists within Minnesota to develop a framework for research that identifies critical interactions between the components of a teaching professional continuum, specifically those that pertain to pre-service preparation and the in-service teaching of mathematics in K-6 classrooms. We have submitted a proposal to NSF to support this collaborative effort and research.

Proposal for Participation in the ICMI Study

The call for contributions to the Study invites new researchers in the field, particularly mathematicians, who are actively engaged in curriculum and program development for teaching education and professional development. The submitters of this proposal fit these two categories in the call for contributions to the Study.  Additionally, the work that has been accomplished at Augsburg is directly relevant to Strand I of the Study. 

The proposal to the Study is a presentation of the work described and the significance of this work as it relates to the mathematical preparation of K-6 teachers of mathematics regardless of the context of specific institutional programming.  The work we have done and workshops and conferences we have attended have led us to improvements in the pre-service teachers program here at Augsburg College.  We have revised the content courses to be sequential, the content courses take into account the mathematics methods course content, the mathematics content courses are prerequisites/corequisites of the methods course, and connections with in-service teachers to see what difficulties we should be addressing in the pre-service program. 

Although the work done has been primarily at a small college based in the liberal arts, there may not be much difference in other types of institutions regionally, nationally or internationally.  The study Augsburg College is involved with James Madison University, Pellissippi State Technical Community College, and Wheelock College in looking outside of our individual institutions to study, in part, to compare the experiences the pre-service teachers have and how that may affect their mathematical knowledge to teach.  Participating in the Fifteenth ICMI Study will allow us to share our findings as well as expand our base as mathematicians to be able to better prepare pre-service teachers of mathematics.   








