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This paper describes the efforts of two teacher educators to transform an elementary teacher education program, beginning with two required courses: a mathematics content course for elementary education majors (Numerical Structures) and a professional development course in the design and assessment of conceptually based instruction (Instructional Design and Assessment).  Our aim is to connect the reciprocal nature of being a learner and teacher of mathematics, thereby helping prospective teachers develop understandings that promote conceptually based mathematics instruction.  Our vision of mathematics education, that is conceptually based and authentically implemented, is being realized by incorporating efforts early in the program and across disciplines.

Our Study: An Overview

This paper examines efforts of two teacher educators to integrate two courses: a mathematics content course designed for elementary education majors (Numerical Structures) and an elementary education professional development course in the design and assessment of authentic instruction (Instructional Design and Assessment).  Our aim is to find ways to help prospective teachers develop understandings that promote conceptually based mathematics instruction.  These efforts are the results of a collaborative effort between Oakland University’s Departments of Mathematics & Statistics and Teacher Development & Educational Studies to prepare prospective elementary teachers for instruction that facilitates conceptually based mathematical understanding.

We embarked on this project as a response to a current dilemma in teacher education.  Specifically, students often leave their teacher education programs with the same preconceived notions about content, teaching and learning as when they enter, thus these programs constitute a weak intervention [1] [2].  One contributing factor is that many teacher education programs, particularly at the elementary level, do not connect across content and method throughout the students’ entire program.  Furthermore, although students in elementary education programs take courses in mathematics, general pedagogy and mathematics education, often these courses do not stress conceptual understanding of content, which is the central focus of current K-12 reform efforts [3].  Many programs do not make conceptual understandings explicit enough to challenge previous misconceptions and beliefs of mathematics.  Furthermore, they do not place these new understandings within the larger context of teaching [4].

Mathematics methods courses are expected to ‘do it all’, including teaching content, building pedagogical content knowledge [5], and helping students to teach in ways that are consistent with current reform efforts [3] [6].  We suggest a new vision for programmatic reform that helps teacher educators find ways to assist prospective teachers in developing an orientation that promotes conceptually based mathematics instruction.  We are defining orientation to include a teacher’s knowledge, beliefs, and understandings about mathematics and mathematics teaching which frame his or her thinking and decision-making as it relates to practice [7].

To this aim we have and will continue to investigate the following questions:

· What changes occur in prospective teachers’ orientations toward mathematics teaching and learning during their tenure in this program?

· How can an integrated program that promotes conceptually based understanding facilitate change in prospective teachers’ orientations?

Our on-going multi-year (2001-2004) study addresses the pressing need for interventions throughout elementary education programs that value and incorporate research efforts in teacher education.

Conceptual Framework

Teachers’ Orientations

Throughout our experiences as teacher educators we watched our students struggle with how to balance their mathematical anxiety and narrow orientation toward mathematics with their professed desire to teach in ways that allow for conceptual understanding of subject matter and active learning [8] [9].  Other scholars support this notion [10] [11].  Often in mathematics methods courses prospective teachers claim to have developed knowledge and beliefs that support the current reform efforts; however, during practice teaching they struggle to enact their stated ideals and often revert to practices that are aligned with their deeply held orientations [12].  Orientations that teachers hold during their schooling years are difficult to change [13] [14].

To develop teaching orientations that promote teaching mathematics for conceptually based understanding, we developed a model that incorporates the relationship among three primary tenets critical to mathematics teacher education: mathematical content knowledge, pedagogical content knowledge and mathematics teaching practice [15] [16]. (Fig. 1)  This model illustrates the important role mathematical content knowledge plays in forming ones orientation, which then serves as a lens through which pedagogical content knowledge, and later mathematics teaching practices, are developed.  Our program addresses the connections among these elements early and jointly within the elementary education program experience.  Although research has looked at one or two of these components in isolation [17] [18] [19], few have investigated the interactions among all three [15].  In the following paragraphs we briefly highlight why each element is important to consider.

Fig. 1: Model of Role of Orientation [image: image1..pict]
Mathematical Content Knowledge

Although much research over the past twenty years has supported the importance of stressing pedagogy in teacher education programs, recent work also suggests that how teachers understand mathematics has a significant impact on how they represent those understandings to their students [15].  Teachers’ pedagogical choices reflect their mathematical conceptions.  Teachers need to experience mathematics in ways that allow for rich understandings of the conceptual underpinnings of the content.

Pedagogical Content Knowledge
Pedagogical content knowledge is the transformation of a teacher’s understanding of how to facilitate students’ understanding of mathematics.  As Shulman [5] explains, “Pedagogical content knowledge, that specific amalgam of content and pedagogy that is uniquely the province of teachers, their own special form of professional understanding.” (p. 8) One of the major components of pedagogical content knowledge is what Grossman [16] labels overarching conceptions, which refers to a teacher’s knowledge and beliefs about the structure of the content.  These overarching conceptions play a significant role in the formation of teachers’ pedagogical decision-making, therefore in order to make changes in teachers’ knowledge and pedagogical choices, programs must address prospective teachers’ overarching conceptions [16].  By providing our students with new ways of framing their teaching and learning of mathematics we hope to facilitate change in their overarching conceptions.

Mathematics Teaching Practice
National [3] and State [6] recommendations call for an approach to mathematics teaching that allows students to communicate, problem solve, and engage in cooperative, conceptual mathematical activities.  This shift toward more “ inquiry based” instruction assumes teachers view mathematics as tool for thought, rather than a set of rules and procedures to be memorized.  To help prospective teachers develop an orientation that promotes conceptually based mathematics instruction the connection between content knowledge, beliefs, and pedagogical content knowledge must be considered [20].

By linking the goals for our, the primary investigators’, courses (experimental sections) early in the professional development sequence at our university we sought to combat this traditional dilemma faced in one-semester mathematics methods courses, primarily not having enough time to foster new orientations.  Additionally, we recognized the need to address and develop students’ orientations as a systemic objective earlier in, as well as throughout the program and across disciplines.  Teaching the same group of elementary education students has provided us the opportunity to consistently develop these prospective teachers’ thinking on our shared orientations and align our course goals to reflect our common orientation toward teaching and teacher education.  These goals include active knowledge construction, opportunities for on-going reflection, a focus on enduring mathematical understandings, modeling teaching practices that support these tenants, as well as aligning course goals with authentic activities.

Description of Context

This project takes place at Oakland University, a comprehensive state supported institution near a major metropolitan area, serving over 14,000 students.  With approximately 300 elementary education undergraduates graduating per year, this elementary education program is considered a substantial program both within the university and across the country.

Within the required elementary teacher education courses, there are two primary courses within which we are initially focusing our efforts related to mathematics education reform: a mathematics content course (Numerical Structures–MTE 210) and a professional development course in the design and assessment of authentic instruction (Instructional Design and Assessment–EED 354).  These courses are fundamental prerequisites for the third important program course, the mathematics methods course (Teaching Mathematics in the Elementary School–EED 302). (Fig. 2) These courses represent our University’s commitment to cross-departmental education; the two methods courses are offered in the School of Education and Human Services, while Numerical Structures is offered within the Department of Mathematics and Statistics in the College of Arts and Sciences.  This provides the opportunity for the development of innovative reform in mathematics teacher education.

Program Description

The enactment of the mathematics component of Oakland University’s elementary teacher preparation program is in three consecutive stages (Table 1).  Stage one involves required content and general methods course, as well as practicum experiences linked to the professional development courses.  Stage two moves to the mathematics methods instruction with a practicum component, and stage three concludes their program with a semester long internship experience.  This paper highlights examples from data collection in stage one only.
Mode of Inquiry

Research for this project will be conducted in three phases: Year 1 (2001-2002) examines data from Numerical Structures and Instructional Design and Assessment, Year 2 (2002-2003) examines data from these courses, as well as Teaching Mathematics in the Elementary School, and in Years 2 and 3 we additionally follow case-study students into their student teaching experience (Table 2).  Multiple data sources will be used: (1) orientation surveys, (2) semi-structured interviews, (3) content knowledge exams, and (4) course artifacts.  Phase one and two participants are elementary education students (n=300) during the beginning of their professional development sequence; phase 3 involves case study volunteers during student teaching.  Sections taught by principal investigators are labeled experimental, as these courses reflect researchers' orientations described in this paper and allow for comparison to other sections using more traditional approaches to teaching, including assessment.

Surveys

Course specific orientation surveys garner information about participants’ overarching conceptions related to mathematics and its teaching, and ask participants to elaborate their views and understanding of general pedagogy.  These surveys allow researchers to gain insight into participants’ orientations related to mathematics and practice.  Administering surveys at the beginning and end of these courses allows for interpretation of changes in individual participants’ orientations, as well as comparisons across individuals throughout the program. Additionally, the end of course surveys ask participants to reflect on their experiences related to specific course activities, and how these courses may have influenced their beliefs and knowledge related to mathematics.

Table 1:
MATHEMATICS PROGRAM STAGES

Stage One

Content knowledge (MTE 210): engage prospective teachers in mathematical inquiry and begin to explore how this inquiry connects to method

Pedagogical knowledge (EED 354): engage prospective teachers in the inquiry into designing and assessing authentic, concept based instruction

Practicum (EED 354): beginning field experiences that engage prospective teachers in explicitly reflecting on connection between theory and practice

Stage Two

Pedagogical content knowledge (EED 302): engage prospective teachers in the development and exploration of mathematics teaching

Stage Three

Beginning practice (EED 455): providing for support to prospective teachers as they begin to independently enact their ideas as they relate to mathematics and pedagogy (Internship/Student Teaching)

Interviews

Semi-structured interviews are conducted with a small subset of initial participants.  These audio-taped interviews are designed to allow researchers to gain a deeper understanding of participants’ survey responses, as well as ask participants open-ended questions related to their developing orientations.

Content exams


Content exams are given at the beginning (“Pre Quiz”) and end (course final exam) of the mathematics content course in order to better understand participants’ background preparation of and growth in mathematical understandings.  The end-of-course exams also provide insight into participants’ ability to explain those understandings. Additionally, exams require prospective teachers to articulate how their knowledge mathematical concepts connect to how they will teach those concepts.

[image: image2..pict]Fig. 2: Primary Elementary Education Courses Related to Mathematics Education
Table 2:
Data Collection Timeline


YEAR 1

(2001-2002)
YEAR 2

(2002-2003)
YEAR 3

(2003-2004)

Mathematics

Content Exams
· MTE 211

     (all sections)
· MTE 210

     (all sections)


Orientation Surveys


· MTE 210

     (all sections)

· EED 354

     (all sections)
· MTE 210

     (all sections)

· EED 354

     (all sections)

· EED 302

     (all sections)
· EED 302

     (all sections)

Course Artifacts


· MTE 210

    (exper. sections)

· EED 354

    (exper. sections)


· MTE 210

    (exper. sections)

· EED 354

    (exper. sections)

· EED 302

   (exper. sections)

· EED 455

  (case study students)
· EED 302

   (exper. sections)

· EED 455

  (case study students)

Semi-structured

Interviews


· MTE 210

    (all sections)

· EED 354

    (all sections)


· MTE 210

   (all sections)

· EED 354

   (all sections)

· EED 302

  (case study students)
· EED 302

  (case study students)

· EED 455

  (case study students)



Course artifacts

Course artifacts include designated assignments from all three courses, which are designed to allow students to make explicit connections between being a learner of mathematics and a prospective teacher of those enduring understandings.  These integrated course activities scaffold students’ ability to make the kinds of pedagogical decisions that would lead to deep understanding of mathematical concepts.
Sample Course Activities

Designed activities for all courses were intended to scaffold students’ beginning understandings of the connections between being a learner of mathematics and a prospective teacher of those enduring understandings.  For example, in the mathematics content course (MTE 210) students develop a Mathematics Project that promotes attention to underlying K-8 concepts that are typically difficult for students as addressed in the NCTM Principles and Standards [3].  (Table 3)  In the general methods course (EED 354) students generate an Authentic Unit Design in which scaffolded assignments lead to the creation of an authentic unit incorporating the content standards and benchmarks outlined in the State of Michigan Curriculum Framework [6].  (Table 4)


Table 3: MTE 210—Sample Mathematics Project Question [22]
Imagine that one of your students comes to class very excited.  Susan explains that she has discovered that as the perimeter of a rectangle increases the area also increases.  Susan shows you this picture to prove what she is saying:




3 ft.


perimeter = 12 ft.







area = 9 square ft.


3 ft.





3 ft.

perimeter = 14 ft.







area = 12 square ft.



4 ft.

(a) Argue whether or not Susan is correct.  Be sure to provide a clear and thorough explanation with examples.

(b) How might you then respond to Susan?  Try to be specific and include examples, if relevant.  For example, you might discuss what you would say to Susan, examples you would provide her, and/or how you might then follow-up with the whole class.


Table 4: EED 354—Scaffolded Project Example

The purpose of this series of assignments is to enable prospective teachers to design instruction and assessment that promote enduring understanding.  This work will be based on approaches discussed in class, including backwards design as elaborated in your text, Understanding by Design [21].

Assignment #1

Choose a State of Michigan Benchmark and Curriculum Standard.  Explain the desired results (understandings, knowledge and skills) students must have to meet that Benchmark and Standard.

Assignment #2

Describe an authentic assessment you can use in your classroom that will provide you evidence that your students meet your desired results outlined in Assignment #1.

Assignment #3

Design an authentic unit of study that focuses on conceptual understanding.  This unit should include all lessons and artifacts that will enable students to achieve your desired results (Assignment #1) as evidenced by your generated assessment in Assignment #2.


Analysis: A Beginning

Throughout this project we have explored ways to assist prospective teachers in developing an orientation that promotes conceptually based mathematics instruction.  

As stated earlier in this paper, the following questions guide our study:

· What changes occur in prospective teachers’ orientations toward mathematics teaching and learning during their tenure in this program?

· How can an integrated program that promotes conceptually based understanding facilitate change in prospective teachers’ orientations?

Content exams in Numerical Structures provide needed background information related to students understanding of mathematical concepts that they will need in their practice.  Orientation surveys and course assignments directly connect to our first question.  Namely, they help illustrate changes in how participants view mathematics, as well as their understandings of how it can be taught.  End of course surveys specifically ask participants about what course activities (artifacts), as well as more general programmatic features, developed their orientations and facilitated their learning of mathematics and its teaching.  These data sources, as well as elaborated responses during interviews, will enable us to understand how this program can allow for these changes as queried in our second research question.

Discussion

This work is part of our on-going effort to improve the programs at Oakland University, as well as the broader teacher education knowledge base.  Teaching the same group of elementary education students throughout the program has allowed us to uniquely integrate and examine the early professional development of prospective teachers.  Existing research has not sufficiently studied the programmatic benefit of early and joint integration of mathematical and pedagogical content knowledge, as well as mathematics teaching practice, throughout an elementary teacher education experience.  Our shared vision of improved mathematics education that is conceptually based and authentically implemented can be realized only by collaboratively incorporating efforts early in the teacher education process and connectedly between mathematics departments and schools of education.  Throughout the process of this research project we strive to advance the conversation about preparing elementary teachers to inspire enduring understanding of mathematics and incorporate the value of research to the design of these integrated teacher education programs.
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