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We share the design and results of a successful partnership between a high school and a nearby university -- a partnership that could be easily replicated elsewhere. Preservice teachers at the university engaged high school algebra students in solving mathematical tasks through weekly letter writing. The partnership resulted in increased student engagement and improved problem solving abilities, as the preservice teachers improved their problem posing abilities.
Mathematical Letter Writing: An Opportunity for Further Partnership Between High Schools and Universities

Educators increasingly appreciate the role communication plays in mathematical learning. Teachers find value in student journaling and classroom discussions (2000), and Communication constitutes one of the National Council of Teachers of Mathematics’ five Process Standards (2000). Sandra Crespo (2003) supported elementary students’ mathematical communication by engaging them in letter writing with preservice elementary school teachers. Following her lead, we decided to engage high school algebra students in similar exchanges with preservice secondary school teachers. The results of this university-high school partnership benefited the students, as well as the preservice teachers (PSTs). Throughout this paper, we report on the structure of the partnership and its benefits.

Letter-writing logistics

Each of seventeen PSTs from Indiana University partnered with one or two Algebra II students at a nearby high school. Every week, for ten weeks, the PSTs wrote letters to their student partners. Each letter contained a mathematical task designed especially for the student partners, to which the student partners responded by the end of the week. We provide an example of such an exchange in the next section. 

The third author taught the Algebra II class during the spring of 2007, the year upon which we focus. The fourth author engaged her Algebra II class in letter-writing exchanges with PSTs the previous year. Both of them supported their students’ participation by providing about twenty minutes of class time per week for responses and awarding points toward students’ homework grades. 

The PSTs were all enrolled in the first of two secondary mathematics teaching methods courses at Indiana University. The course instructor (first author) supported PSTs’ task posing through readings, class discussion, and group work. He encouraged PSTs to be resourceful in choosing tasks; they used resources such as the Internet, peer advice, examples from class, and textbooks to design their tasks. However, he also encouraged PSTs to customize tasks to students’ mathematical reasoning and interests. The goal of the tasks was to elicit various mathematical processes from the students.

Although the letter-writing context of the tasks emphasized the role of Communication, we also expected PSTs to elicit the other processes from NCTM (2000) Process Standards: Connections, Problem Solving, Reasoning & Proof, and Representation. In addition, PSTs tried to attain the highest levels of Bloom’s taxonomy (as described by Kastberg 2003): Application, Analysis, Synthesis, and Evaluation. Finally, they tried to design tasks to move student responses beyond Memorization and Procedures without Connections, toward Doing Mathematics and Procedures with Connections as developed by Stein and associates (2000). PSTs assessed student responses to their tasks in terms of these cognitive activities, as did the first and second authors. We report on the results of assessments for the NCTM Processes later in the paper. 

A sample exchange


The PSTs and students used pseudonyms in their letters to one another to protect anonymity. The sample exchange shared here comes from Apollo’s (PST) introductory letter to Jaffy (student). The letter includes a task (fig. 1) that Apollo apparently borrowed from the following web site: http://math.rice.edu/~lanius/Lessons/calen.html. Recall that the first author encouraged PSTs to be resourceful!

Figure 1
Apollo’s initial task to Jaffy

	Take any calendar. Tell your friend to choose 4 days that form a square like the four below. Your friend should tell you only the sum of the four days, and you can tell her what the four days are.
18

19

25

26

How does the puzzle work? You know how people always want to see a use for algebra? Well I want you to come up with a formula for finding out the four numbers when you are given only the sum of the four days. My sum is going to be 72. Find the four numbers by coming up with a formula to solve. Good luck. 


Jaffy’s response (fig. 2) indicated he engaged in several high-level processes to solve the task. Among other processes, we assessed that the task elicited the following NCTM Process Standards: Communication, Problem Solving, and Reasoning & Proof. Jaffy’s translation of the task into a “new question” indicates communication of mathematical ideas, while reasoning by analogy. We felt this analogy also served as a problem-solving strategy, on which Jaffy followed through to obtain equations for each of the four unknown values. 

Figure 2 

Jaffy’s response to Apollo’s initial task
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In his letter to Apollo, Jaffy commented on his solution in the following way:

Your problem seemed a little tricky at first, and looking at how the parts of the problem were set up, my first reaction was to set up a matrix. When I realized that wouldn’t help me, I thought about solving each part individually by finding the patterns that each square on the calendar followed. When I got here, I realized that I’d need a different formula for each part. Assuming the answer I got is the answer you were looking for, I’d say this was pretty easy when you start looking at the problem from the right point of view. 

These comments indicate Jaffy struggled initially. Before finding an appropriate strategy, he engaged in genuine problem solving in order to resolve a task unlike ones he had seen before. This sample exchange is exemplary because of the many high-level processes Jaffy employed. 

Elicited NCTM processes


The first and second authors independently assessed responses each week, in order to determine what processes the tasks had elicited. Independent assessments enabled us to determine the reliability of our assessments by comparing how well we agreed for each process, across all of the task responses. We measured “moderate” to “substantial” reliabilities for our assessments of each NCTM Process (Sim and Wright 2005), except for Connections, for reasons we discuss below. Figure 3 illustrates the first authors’ assessments of elicited NCTM Processes for each week. The values in the line graphs indicate the percentage of tasks that elicited each of the NCTM Processes in a given week.

Figure 3 

Weekly percentage of elicited NCTM Processes
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Before discussing figure 3, it is important to note the high school began a new term after Week 5, which required PSTs to begin writing letters to new student partners during Week 6 (some of whom had participated in letter writing during the previous term, some of whom had not). This may explain the dip in elicited activitydesired processes during Weeks 5 and 6: Week 5 responses included farewells, and Week 6 responses included new introductions. In any case, the first four weeks in figure 3 indicate great improvement among the pairs in terms of Communication, Problem Solving, and Representation. Though the improvement in Problem Solving is less pronounced than the other two during the first four weeks, it continues an upward trend after Week 6, whereas the others level off. There is some indication PSTs’ tasks began to elicit evoke more Reasoning & Proof from the students during the final few weeks, but Reasoning & Proof and Connections remained relatively low.


To explain why Connections remained so low, we must clarify that NCTM (2000) describes two kinds of connections: new connections between two or more existing concepts or procedures, and new connections between a concept or procedure and a particular application. Since we included Bloom’s taxonomy among the processes assessed, we already accounted for the latter kind of connections, namely Application. So we used Connections to refer only to the former kind of connections. This kind of connections proved difficult to elicit, or at least difficult to assess, and that may justify the low percentages of Connections in figure 3.


As for the other NCTM Processes, letter writing proved to be a useful medium to readily engage students in communicating and representing their ideas. Indeed, Crespo found similar results for elementary school students, in the case of communication. Conversely, Problem Solving and Reasoning & Proof took more time to elicit. We surmise such processes require prolonged engagement to elicit for three reasons, each supported by previous research in mathematics education: (1) teachers (in our case, PSTs) need to know their students’ reasoning and interests better in order to engage them in such activity (1997); (2) PSTs need time to develop their abilities to pose tasks that successfully elicit such activity (Silver et al 1996); (3) students need time to adjust to new expectations that come along with these activities (e.g., expecting students to explain their thinking, or expecting students to attempt to solve a problem without first being shown how; Lampert, 1990).      

Reactions from the Algebra II teachers

In this section, the Algebra II teachers (third and fourth authors) share their reactions to the letter-writing experience, as well as those of their students.

When approached about letter writing, our biggest reservation was finding time in our already busy calendars. Not only did we need class time to write, but students needed to digest the tasks, form thoughtful answers, and get the letters back to the PSTs in a timely manner. On the other hand, we were excited about the potential for letter writing to challenge students through individually tailored problems, so we decided it would be beneficial for our classes to participate. With 30 students in a class, we wouldn’t have time to write individualized weekly letters to them, but we were able to witness the same kind of interaction between the PSTs and our students.

What we found most interesting was our students responded freely and openly, even though they knew we were reading the responses each week. Students seemed uninhibited in discussing their mathematical strengths and weaknesses and astutely aware of the reasons why they were not more successful in class. For example, the student whose work is exemplified above (Jaffy) revealed the following: “I want to follow after my mother and get into med school and study internal medicine, but fear that because of my poor [work] ethics, my math and science grades will be too low.” Student responses also revealed misunderstandings that had developed about topics discussed in class. This prompted us to delve deeper into those topics in subsequent class meetings. 


Another benefit was the individualized problems sometimes related specifically to something personal the students had shared through letter writing, such as a particular sport or job. Thus, the high school students looked forward to the letters and often put more time into one problem than they would normally spend if we had assigned a similar problem without reference to those personal interests.


Finally, the high school students learned to clearly explain their reasoning in writing. Without being able to see or talk to PSTs face to face, the students quickly learned to write fully what they were thinking, not just put a few numbers down. At the same time, the PSTs seemed to learn to write understandable tasks that provoked students’ thinking by using key instructions, such as explicitly asking students to explain their reasoning. The students’ feelings that they were helping out the PSTs further motivated the students. By the end of the ten weeks, students had developed valued relationships with PSTs through anonymous letter writing, so most of our students were disappointed when it ended.

Reactions from the students


When letter writing ended, we solicited feedback from the Algebra II class using a form with five questions. The first two questions related to the students’ feelings about letter writing: “What did you think when you first heard about letter writing?” and “How have your feelings changed?” Of the twenty-three responses, twenty indicated excitement about the activity. Students cited the opportunity to help future teachers and the novelty of the activity as reasons for their excitement. 

About half of the students expressed initial misgivings about letter writing. Some didn’t understand how writing related to math and expressed frustration at putting their mathematical ideas in writing; many thought it would be a “waste of time” or “extra work.” However, the casual and intriguing nature of the first few exchanges alleviated those concerns. One student remarked, “My feelings turned from frustration to sadness when the letter writings were done. It went by really fast and I had a blast writing to Cameron.” As noted by another student, anonymity made writing easier: “The fact that the letters are anonymous makes writing the letters feel more relaxed.” The students also appreciated their teacher rewarding their efforts with participations points. 


Third, we asked, “How have your feelings about math changed as a result of letter writing?” Whereas most students did not note a change in their feelings, through letter writing a few found, “learning math can be very fun.” One student attributed such a change to the kinds of tasks PSTs posed: “Most of the problems in the letters were real life word problems, so this process really showed where math could be applied in real life, and that changed my view greatly.”


In response to our fourth question, “What did you learn from your letter-writing experience?” some students reported nothing or referred only to social aspects of the exchanges. Although, most students identified a specific math concept or process in which they improved. These included improvements in problem solving, mathematical communication, applying concepts, and graphing. In explaining what they learned, some students even recalled tasks they had solved several weeks before:

Although most of the tasks were games requiring me to use logic, I did come across one task in which my dad helped me. Based on a pattern, I was forced to come up with an equation that represented the pattern. Originally stumped, with the help of this letter, I learned how to create the equation.

Finally, we solicited suggestions for improving letter writing. Some students felt the tasks were too easy or too difficult. This points to the difficulty of engaging students in tasks they do not already know how to resolve. Students can become easily frustrated if they are not accustomed to such tasks, as one student expressed: “It’s really hard to solve an equation that you haven’t already been taught how.” Other students felt they needed more feedback from PSTs on responses to previous tasks before moving on to new tasks. It might help for PSTs to return copies of the students’ responses with comments written on then. Still others were satisfied with the entire experience and suggested only to extend the duration of letter writing.

Closing

Overall, we felt the experience was successful for both the students and PSTs. Most students enjoyed the experience and learned from it, especially regarding important processes such as problem solving and communication. PSTs also seemed to grow in their understanding of the process standards, while developing appreciation for students’ mathematical thinking and processes. Furthermore, figure 3 indicates improvements in task design as demonstrated by elicited activities. 

In an unsolicited remark about letter writing, one PST summarized her experience as follows, “I loved letter writing because it challenged me to come up with new tasks, and trying to make them personal and unique to specific students. Even though it was frustrating at times, through the frustration I learned how to deal with my frustrations.”

We feel letter writing can build valuable partnerships between secondary schools and universities. All participants have a great deal to gain from such a partnership. Furthermore, because students expressed so much interest in the PSTs’ pursuits to become math teachers, we feel the interactions could inspire more high school students to consider the same career. 
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