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Abstract:

Secondary school mathematics teachers require considerable content knowledge, and teacher education programs typically address this need with college mathematics courses. However, research indicates that content knowledge for teaching differs from that of research mathematicians (Ball & Bass, 2003). Moreover, preservice teachers' perceived irrelevance of college mathematics courses can be a self-fulfilling prophesy. We share ideas related to the development of "linking courses" to address the disparity. Linking courses serve to help preservice teachers connect mathematical ideas across the secondary school and college curriculum. We focus, in particular, on the development of linking courses and related web-based projects at Indiana University.
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Linking College Mathematics to the Secondary School Curriculum

“When are we ever going to use this?” Secondary school math teachers are bound to face this question from their students. Responses might include references to academic requirements and particular careers, or arguments about the general development of logical reasoning and problem solving ability. Deep insight about mathematics and curricula might include the recognition of some archaic elements of the secondary school curriculum, such as the need to rationalize denominators. More importantly, deep insight enables teachers to consider potential connections that students might make to give meaning to what they are learning: connections between existing concepts (e.g., connecting concepts of matrices as linear transformations of the plane to concepts of matrices as notational devices for solving systems of equations) and connections to interesting applications (e.g., using trigonometric functions to model musical harmony and dissonance). Such connections comprise some of the qualities of the mathematical knowledge needed for teaching, which also includes connections across mathematical domains, connections across time, and mathematical knowledge that is reasoned and unpackable (Ball, 2003; Ball & Bass, 2003). 

Ball and Bass (2003) called for teacher educator programs to foster preservice teachers’ (PSTs) development of connected and unpackable mathematical knowledge. Unpacking mathematical knowledge refers to making mathematical ideas accessible as the students first encounter them, not only presenting them in finished form (Ball, 2003). However Ball and Bass recognized that “inadequate opportunities exist for teachers to learn mathematics in ways that prepare them for the work [of teaching]” (p. 13). 

Conventional wisdom suggests that college mathematics courses should provide such opportunities. However, just as high school students question the usefulness of their mathematics courses, PSTs often wonder why they need to continue studying mathematics in college. They wonder how upper-level college mathematics courses will be relevant to their future careers as secondary school mathematics teachers. In fact, Ferrini-Mundy and Findell have argued, “the kinds of integration of mathematical ideas and connections that are necessary in teaching a coherent secondary program, are unlikely to be obvious to students on the basis of their undergraduate program” (2001, p. 33). Citing Begle (1979) and Monk (1994) they add, “research studies do not demonstrate a convincing relationship between teachers’ knowledge of mathematics (often measured by the number of college mathematics courses taken) and their students’ mathematical performance” (2001, p. 33). In this paper, we consider the use of “shadow courses” to address the perceived irrelevance of college math courses for secondary school teaching and to help PSTs develop their mathematical knowledge needed for teaching.

As noted by Donald Kerr and Frank Lester (1982), shadow courses were first proposed at the Snowmass Conference in 1973, as a way to link particular college mathematics courses to pedagogical and curricular issues. For instance, PSTs might enroll in a shadow course concurrently with a required statistics course; the shadow course could provide opportunities for PSTs to identify themes (also advocated by Ball & Bass, 2003, p. 12) that cut across high school and college statistics curricula. Kerr and Lester found promise in the proposal for addressing their concerns about the preparation of future mathematics teachers. Perceived irrelevance of college math courses was chief among these concerns, but they also cited the need for mathematics education programs to highlight unifying themes in mathematics, to keep up with societal changes, and to emphasize particularly important content knowledge for high school teaching (Kerr & Lester, 1982, p. 434). In fact, several universities have developed some form of shadow courses to address these concerns. We focus on the development and implementation of shadow courses at Indiana University (IU).

We believe that if PSTs do not understand the relevance of their content preparation, they will be less likely to take advantage of opportunities to learn college-level mathematics and to integrate the resulting knowledge of mathematics with their developing identities as teachers. Furthermore, we concur with Ball and Bass (2003) that the mathematical knowledge needed for teaching is different from that needed by mathematicians. In other words, we perceive great relevance in PSTs’ continuing mathematics coursework to their future careers as teachers, and we believe in the importance of supporting PSTs to develop a different kind of mathematical knowledge that is required for teaching mathematics. In the remainder of this paper, we outline the stages of development for these courses and explain how they meet the needs we have outlined. 

Experimental Courses

Shadow courses, or “linking courses,” are not unique to teacher education programs. For instance, they have been used to supplement calculus courses for geology majors at West Chester University (Lutz & Srogi, 2000) in order to highlight aspects of the calculus curriculum that are particularly relevant to geology. The idea and motivation are similar to our own; in order to highlight aspects of PSTs’ content preparation that would be particularly relevant to their future careers, we decided to shadow some of the content courses with one credit-hour linking courses. With the support of IU’s 21st Century Teachers Project, we piloted an “Algebra throughout the Curriculum” course in the spring of 2002, which was taught by the second author. Continued support from the 21st Century Teachers Project helped offer a mathematical modeling shadow course and a shadow course for the calculus series during the 2003-2004 academic year. During the 2004-2005 academic year, support from the Indiana Mathematics Initiative (IMI) enabled us to initiate “Algebra throughout the Curriculum” and “Math Modeling throughout the Curriculum” in the fall, and “Calculus throughout the Curriculum” and “Probability and Statistics throughout the Curriculum” in the spring. 

“Throughout the curriculum” refers to the idea that teachers should foster students’ development of, say, calculus concepts, even in grade seven. Such concepts can then be further developed throughout the secondary school curriculum (National Council of Teachers of Mathematics, 2000). Furthermore, college courses provide opportunities for students to make deeper connections among these concepts. 

We chose to shadow the Calculus, Probability/Statistics, Algebra, and Modeling courses because they represent four of the five major content areas in which we prepare our pre-service teachers. We did not shadow the geometry course because this was already a specially-designed course for pre-service teachers, which incorporates extensive use of the dynamic geometry software most commonly found in secondary schools, Geometer’s Sketchpad. The Calculus shadow course linked to topics from three required analysis courses, including differential equations. The Probability/Statistics and Modeling shadow courses each linked to a single mathematics course, which became co-requisites. The Algebra shadow course linked to linear algebra (pre-requisite) and modern algebra (co-requisite).

Many other universities have made efforts or shown interest in developing similar courses. The University of Georgia began with an Algebra shadow (linking) course at about the same time that we were developing our courses. Their Algebra linking course was elective, and the instructors expressed concern that PSTs expected it to serve as a tutoring course. In fact, we experienced similar difficulties in the early stages of development of linking courses at IU, when our courses were also elective; many students did not find the time to take the courses, and those who did were often seeking instructional assistance for their mathematics classes (Kehle, Maki, Norton, & Nowlin, 2005).  Starting in the fall of 2004, the linking courses became a required part of the mathematics education program and enrollment has leveled out to about 20 PSTs in each class. PSTs must take three of the four shadow courses, collectively forming a three credit-hour content course. Our PSTs now seem to understand that the courses serve as opportunities for teacher development, as indicated by the following course-evaluation comments taken from our fall 2004 Algebra linking course: 

I made the most connections with prime numbers and factorizations, but more importantly all of the matrix activities that we did. I loved them and, to be honest, did not think about matrices that way at all before the class. Now I am thinking more creatively about activities that will create in-depth critical thinking about the concepts… I really enjoyed the way you opened up a whole new way of thinking about the high school curriculum.  

I wish that my other math classes were a little more teacher—“think about this when you are teaching”—oriented. I do think that you have shown us how some of the topics are related and why we need to know the math beyond the algorithms.

It seems that the structure of our linking courses and their integration within our secondary mathematics education program have supported such expectations.

Identifying Common Goals

IU’s School of Education began fully funding instruction for the linking courses during the 2005-2006 academic year. Instructors presently include the first author and three practicing secondary school teachers. By drawing upon their classroom experiences, these exemplary secondary school teachers enhance the credibility and perspective of the linking courses and our program as a whole. We accommodate their schedules and provide greater opportunity for mathematical investigations in the courses by offering them once every other week, in the evening, usually from 6:00 pm until 7:45 pm. 

IMI supported early refinements of the experimental courses by funding a series of meetings in the summer of 2005, during which the instructors for the four linking courses met to discuss the goals for these courses. A set of four common goals emerged:

1) Make connections between college-level and 7 – 12 mathematics.

2) Make intra-disciplinary and interdisciplinary connections in 7 – 12 mathematics.

3) Understand how concepts grow into the formal topics of college-level math and how informal experience with those concepts is important in grades 7 – 12.

4) Design problems and lessons for students in 7 – 12 mathematics using advanced mathematics and appropriate technology.

Goals 1, 2, and 3 represent our central motivation for the linking courses, addressing the needs outlined at the beginning of this paper. Namely, we want PSTs to develop deep insights into the vertical (across grade levels and into college) and horizontal (across domains) connections of the secondary school curriculum. Explicating these as three separate goals helped us to focus on all aspects of those connections. Goal 3, in particular, aligns with Ball and Bass’ call for teachers to, “anticipate how mathematical ideas change and grow” (2003, p. 12). Goal 4 concerns teachers’ practices in helping students to make such connections. In particular, we wanted to ensure that PSTs would understand the potential for using technological tools in instruction. The instructors ensured that particularly popular tools, such as graphing calculators, GSP, spreadsheets, and Fathom, would be used in at least two linking courses, so that all PSTs would have experience in using each tool. 

Since the fall of 2004, technology has played another key role in the Algebra linking course. At that time the first author began requiring students to contribute a final product toward a class web page. Products included various mathematical investigations. The web pages for 2004 and 2005, including all projects, can be found at the following web site:

http://www.indiana.edu/~vong/algebra.htm
The students and instructors were very pleased with the results, but creating a new web page each year was time intensive and often tedious. We began looking for ways to streamline the process so that all instructors could incorporate web-based products in their courses.

The Introduction of Thematic Projects

In summer 2006, the authors received a technology grant from AT&T. The AT&T project provided the next step needed to address the issues of PSTs’ disconnect between secondary school and post-secondary curricula, by organizing web-based products that use college math concepts to establish connections within the secondary school curriculum. Our vision for this project was to further develop the linking courses by designing guidelines, templates, and architecture for PSTs’ production of web-based teaching resources. The guidelines ensured collaboration among teams of PSTs in each course, connecting concepts within larger topics, such as “solving systems of equations.” Within each team, PSTs wrote book reviews, created annotated bibliographies for useful web sites, designed tasks and lesson plans, and produced a unifying web page of all materials while explaining the connections. The templates matched the guidelines and made the job of publishing PSTs’ web pages more uniform and streamline, so that little additional support will be required after the first year of implementation.

We established the following criteria for each team’s collective products (organized around the team’s common theme):

· Team projects will align with all course goals and several learning objectives as listed on the first page of the syllabus [accessible through the course web site].

· The projects will include a page articulating the vertical connections made across grades 7-12.

· All relevant connections to the NCTM and Indiana standards will be made explicit within the various components of the group project.

· The various components of the group project will be integrated so that they offer a consistent and coherent presentation of the theme.

· Team projects will incorporate a variety of resources that will be useful and attractive to math teachers across the state of Indiana.

· The final draft will be free of all grammatical and mathematical mistakes.

These criteria for products are listed in the course syllabi (as are the themes that teams can choose from) and were introduced to each class by the second meeting. Instructors used these criteria in formative assessments of student work as the semester progressed, and we used them again in our summative assessments of final products at the end of the semester. Because the courses are graded using a pass/fail score, students passed the course if they met the criteria. 

We feel that, in working with their teams and completing their products, PSTs learned how to organize mathematics and teaching ideas in a connected and meaningful manner. This was evident in the way that their products were integrated with each other around their themes and their references to multiple resources for teaching ideas related to their theme. For example, one of the teams in the Calculus linking course addressed the theme of “Areas and Definite Integrals.” Team members developed lesson plans and Powerpoint presentations that all centered on finding the area of a circle, but used tools that were appropriate for various grade levels. 

The team designed a pre-algebra lesson to engage students in approximating the area of a given circle by covering it with smaller and smaller tiles (see Figure 1a). Their Geometry lesson involved finding the area of a circle by breaking it into greater and greater numbers of isosceles triangles (Figure 1b). In a letter to teachers, team members noted that the lessons supported students’ understanding of the area formula, and introduced concepts that would be developed more formally in future classes, concepts such as proof, limits, and integrals. Indeed, they designed a Calculus lesson using trigonometry and polar coordinates to perform integration on a circle. The team also included a document mapping out the Indiana state standards across grades 7 through 12 that relate to such activities.

[insert Figure 1 here]

Sharing Ideas


The web site we created to support team projects also facilitates sharing ideas about the linking courses in two fundamental ways. First, it constitutes a growing repository of potentially valuable products for teachers. Second, it dynamically conveys information about the evolution of the linking courses. We refer to the following web address in discussing ways to share ideas: http://linking.education.indiana.edu/ (see Figure 2).

[insert Figure 2 here]


Recall that one of the criteria for student projects concerns potential usefulness for practicing teachers. The sample project cited above meets that criterion by providing lesson plans and explanations for how teachers might help students develop their concepts of area across grade levels. In fact, the web site serves as a vehicle for sharing such ideas. Furthermore, because the PSTs are creating products that they share with teachers through the Internet, there is authenticity to their work that could make it more meaningful to the PSTs themselves.


Teachers can access a searchable database of course products through a link in the web address listed above. The database is a SharePoint® site, which PSTs use to upload products, and teachers use to download them. These downloadable products include GSP files, Powerpoint presentations, Excel spreadsheets, Word documents, audio files, etc. So, the SharePoint® site acts as a repository of files that grows at the end of each semester, as PSTs complete course projects and upload new products. Moreover, PSTs complete a form for each product that they upload so that the files are indexed and can be searched based on state standards, NCTM standards, and grade levels. Also, each team of PSTs creates an abstract for their theme so that teachers can see how the products interconnect. 

 
We knew that we needed to make the web site easy to use so that PSTs could reliably upload products and so that other teachers could easily download them, but there was at least one more reason. Since the instructors and course materials change and evolve from year to year, the web site had to evolve too. We addressed this concern by using a content management tool called DotNetNuke® (DNN). DNN enables the instructors to change any and all content on the site through their web browsers. They can add links, update syllabi, and attach files from any computer without the need for additional software or web tools. This is especially important as we continue to share ideas about the evolution of the linking courses. 


Students, teachers and teacher educators can visit the web site and find data that is managed by the current semester’s instructors. Data include course philosophies, course goals, syllabi, lists of project themes, related web links, etc. The dynamic nature of the web site is valuable to the instructors as it provides all necessary course materials to PSTs each semester. It may prove equally valuable to teacher educators as they consider implementing linking courses at their respective institutions.
Next Steps: Refining the Courses and Measuring Effectiveness

Our main goal in creating the linking courses was to support PSTs’ development of mathematical knowledge for teaching. By incorporating web-based projects into those courses, we feel that we have added authenticity to PSTs’ assignments in those courses, and we provide a potentially valuable resource for in-service teachers. The projects exemplify the kinds of connections that all teachers should make within the secondary school curriculum – connections around themes, across domains, and through the curriculum (Ball & Bass, 2003; NCTM, 2000). We have furthered our goals by creating guidelines and web architecture for PSTs’ continued production of mathematics teaching resources. 

As we refine the linking courses, we plan to examine the extent to which we are addressing all of the important aspects of the mathematical knowledge needed for teaching. For example, Ball (2003) identified preserving the integrity of the discipline as one of the qualities of mathematical knowledge needed for teaching. This quality includes paying attention to the meaningfulness of methods and ideas, and to whether methods or ideas are generalizable. Another quality is the knowledge needed to unpack or decompress the mathematical content. This has to do with the fact that teachers will know the mathematical content in finished and refined form, typically a very compressed and abstract form. However, when working with learners, teachers need to be able to think back about the same mathematical content when it is being formed, and when it is fragmented, and unpolished. This is so that they can unpack this knowledge and better support their students as learners. While we can see these two qualities of mathematical knowledge needed for teaching reflected in some of the products that PSTs in the linking courses have created, we have not explicitly required them to include them in their projects. As we embark on refining the linking courses, we will have to make decisions about the best place for addressing each aspect of the mathematical knowledge needed for teaching, either the methods classes or the linking courses.

One source of input we plan to use to continue refining these courses and the web site is the feedback we receive from teachers and teacher educators. We plan to use the web site to continue sharing ideas with teachers and teacher educators, and to receive feedback from them. While we have been focusing our attention on the development of these courses, a research component about their effectiveness is needed. It is important to measure the extent to which PSTs mathematical knowledge for teaching changes as they take the three linking courses we require. It is also important to evaluate the usefulness of the products PSTs create for the web site.  A first way to evaluate the usefulness of products can be by encouraging PSTs to use some of the products during their field experiences. We could also collaborate with local teachers and invite them to use the products and provide feedback. In addition to developing the framework for teachers’ mathematical knowledge, Ball, Hill, and Bass (2005) have also developed written instruments to quantify this knowledge. We plan to use such measures to research the effectiveness of our courses. 

In summary, PSTs need to be supported to learn mathematical knowledge deeply, so that they can be prepared for the demands of teaching. Teacher education programs need to address this important issue and change. One way to address this need is by creating linking courses like the ones described in this paper. We are excited about what our PSTs are accomplishing in these courses. Future research will shed more light on their effectiveness. 
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	Figures 1a and 1b. Two approaches to finding the area of a circle.
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	Figure 2. Linking courses web page.





