Combining writing and cooperative learning techniques in mathematics classes creates an important synergistic effect

    Cooperative learning techniques and writing across the curriculum approaches  provide students with powerful critical thinking skills. When combined their effects become synergistic by providing students with multiple opportunities to practice and share their writing, editing debating, discussing, and thinking skills. Critical thinking is always improved when students interact together both in and outside of class. 

     I use a variety of affective and content oriented writing assignments in my mathematics classes. I find them to be especially helpful in developmental math classes where students deal with many non content issues such as math anxiety, a feeling of isolation in their lack of understanding of math concepts and a myriad of other social problems. In this article I will describe a number of the techniques I use to solicit student reactions and input to class procedures and encourage cooperative student centered learning activities. The descriptions are in the form of vignettes and anecdotes.

     Imagine this scene. It is about two weeks prior to the beginning of the semester and your students are thinking about everything but their class with you or what lies ahead for them in the new semester. They go to their mailboxes and find letter with your college's return address and your name above that. What a surprise! As they look through the materials they find a welcoming letter, a writing assignment, their math autobiography, due at the first class and a course syllabus. They find the letter is less intimidating than they anticipated and is actually pretty humorous and it helps to reduce their fears about math. They are assured that there will be help available from many sources including themselves and that this will be an interactive class that will encourage their participation in the learning process through cooperative learning activities. At the end of the letter there are two phone numbers, one for your office and one for your home. The students are encouraged to call if they have any questions or concerns. This is how I introduce my students to Ted's world of writing and cooperative learning in mathematics.

     Most, but not all, students react very positively to my outreach effort. Those who are concerned will call me to clarify exactly what is expected of them and what their roles will be in the class. Some students call just because they have been encouraged to do so and like the idea of talking to a teacher before the semester even starts. 

     My letter sets a tone of high expectations by giving the students an assignment prior to the first class, suggesting that they get the text and read the first chapter, and by outlining how much time will be needed for success in the course. By its very nature the letter signifies that this class will not be a typical math class where the students simply come and listen to a lecture and then go off to fend for themselves. It establishes the collaborative nature of the learning process as the paradigm that will be followed in the course. For those students who feel this approach may be inappropriate for them it gives them an opportunity to discuss their concerns prior to class directly with the professor and to make course changes if their concerns are not ameliorated. 

When I first started using this technique I was very concerned that students would misunderstand the intent or overreact to the pre-class assignment. Discussions with students in the first class have shown me that their reactions are quite positive and the letter raises the students expectations about the positive nature of the class. Students are impressed that I would take the time to communicate with them and encourage them even before we met for the first time. 

      Would you like to have your students reflect upon their role and/or interest in your class or upon their past educational history and experiences in your subject matter prior to attending the first class? Better yet, wouldn't it be outstanding if your students completed a writing assignment prior to the first class? I accomplish these objectives and other benefits occur when students are asked to write their autobiographies prior to the first class.
        My students have a high degree of math anxiety. I would like us to start dealing with their concerns before the semester begins. How can I get them to address this problem without creating more anxiety? The approach I have taken is to ask them to write about how they feel about math and to describe  past experiences they have had in math courses. I do this through the medium of an autobiography. Most students at the developmental math level and many others at the college math level have strong math anxieties. The autobiography encourages students to reflect upon their reactions to previous math classes and to experiences they have had which may have created their math anxieties. 

     In addition to addressing specific questions I have about my students there is a very subtle benefit associated with this exercise in that it draws out students who have an interest or ability to write but lack the expertise or confidence in the subject matter of the course. This is especially true in the field of mathematics, science and technology. Students often feel that they have abilities only in one area such as English. By associating writing with math classes we begin, even if only indirectly, to expand students awareness of their abilities in these areas. 

     An example of a success story regarding the benefit of writing in math involves an older, returning student who was majoring in English and took my beginning algebra course during a Fall semester. Her math anxiety level and lack of confidence was virtually paralyzing her on exams. She had written a five page autobiography prior to class in which she stressed her interest and ability in writing. I was convinced that through writing she could come to understand math. She used the writing assignments which followed to explore the origins of her math anxiety. I also encouraged her to write about her feelings during tests and to write out her solutions in English as well as using algebraic symbols. This did the trick. The writing helped reduce her math anxiety to the point where she began excelling on exams. She continued this approach through intermediate algebra and went on to obtain the highest test average in a college level statistics course. She also published a wonderful article in the college's writing magazine on the subject of why students should take algebra.

     The first class meeting of most courses consists of the professor going over the course syllabus, class procedures, and course policies. This is followed by the first content lecture. Some teachers ask students to fill our information sheets to obtain their class schedules and some autobiographical information such as employment, family backgrounds, majors etc. This material is reviewed by the instructor and rarely shared with the students. Students are often overwhelmed by the amount of material covered on the first day and probably retain very little. 

     My next assignment is intended to be used with a different first class procedure. In cooperative learning classes warm up activities designed to help students get to know each other are very important. I ask students to interview each other and introduce their new math buddies to the whole class. In order to help students focus on questions of interest they are asked to write about themselves using a first day questionnaire. Some of the questions from the autobiography assignment are repeated to encourage students to reflect upon what they have already written and edit their initial responses to the questions regarding their math anxiety. Two specific questions I ask are "How do you feel about math?"  and What are your concerns about this course?".  Explain why.
      This process helps students understand that they are not alone in their anxieties about math and often share common feelings and reactions to a difficult subject. By discussing their feeling amongst themselves and with the class their anxiety can be reduced substantially. A hidden advantage to this type of assignment is that it signals to the student that I am  aware of their feelings and am willing to discuss them openly and thus begin the process of dealing with classroom anxieties. 

     Once students are comfortable talking to a new classmate I ask to read the syllabus together using a Pair-Reading cooperative format. Each partner in a pair explains one paragraph of the syllabus while the other partner listens and asks questions. If they agree with the interpretation they switch roles. Using this format 100% of the class is involved in reading and interpreting my syllabus. If the partner still have questions then they may ask for my opinion. I find this technique much more effective than my trying to tell the students what is in the syllabus. 

     On the first day of classes students usually follow a procedure where they show up in class, receive a course syllabus and hear an explanation about course policies, assignments and procedures. From then on they simply come to class, listen to a lecture and leave with a ream of lecture notes. They expect the professor to tell them everything they need to know to complete the course. Students are rarely asked to reflect upon the nature of good learning and their roles in the process. Students are even less frequently asked to make suggestions about class procedures or alternative approaches that might help them learn more effectively. 

     Imagine the surprise students receive when after three or four classes I ask them to review and write out an analysis of the Seven Principles Of Good Education with the goal of their thinking of ways to apply the 7 Principles to our class. This assignment creates a very positive impact when I actually adopt some of their ideas. This exercise sends a clear message to students that I want them to be involved in the course and not just acting as passive recipients of information. Prior to starting the writing assignment students do a Pair Reading of the principles during class. This is how I often combine cooperative learning activities with writing assignments. On the day the writing assignment is do I have the students read each others analyses and discuss their ideas. I follow this with a whole class discussion designed to bring out their thoughts about what constitutes a good education and good learning practices.

     A contract entered into by two parties is legally binding on both signatories. When we buy a house we sign a mortgage contract and fully intend to live up to its terms by making monthly payments, real estate payments and purchasing home owners insurance. Contracts for other services are equally important parts of our lives. Why not ask our students to enter into a learning contract with us since both students and professors have a vested interest in the outcome. I do just that with my Algebra Success Contract. I give this out at the third class after students have gotten to know me a little better.

      I designed this exercise with two goals in mind. The first is to highlight the approaches and responsibilities undertaken by me and the second is to emphasize student responsibilities along with suggested activities which will help them succeed in the course. My use of a contract helps me formalize my helpful suggestions. By using a legalistic framework I emphasize the serious nature of the items agreed to by the students and myself. 

      When offered the success contract, students are initially taken aback by its legal structure, then they become amused by the thought of this approach to encouraging their learning, and finally they express appreciation at my effort to outline exactly what I am prepared to do on their behalf in exchange for their commitment to work hard in the class. For students who doubt the seriousness of this exercise I often bring a copy of the contract to class to review the items which I feel students may be letting down on. Students will remind me of my part of the agreement if they feel I have forgotten to carry out some aspect of the contract. 

     This exercise helps focus on student study habits and approaches that are critical to the success of the course. It reaffirms the collaborative nature of the class and the fact that student participation is encouraged in a non-threatening, risk free environment. As with all writing assignments this activity opens a line of communication between student and professor that would not otherwise be available. 

     What is wrong with the following scenario regarding test taking in college courses? Students appear for the exam, complete the exam, hand it in and leave the room, receive their graded results within a few classes and then proceed to work toward the next exam as the process repeats itself over and over during the semester. Some professors will discuss the exam results in terms of the class average and standard deviation or what areas were especially poorly done, but rarely do students reflect upon their performance or consider ways of improving. There is little effort made to improve preparation for exams by the students or to review the evaluation process designed by the professor. 

     I use a student post exam questionnaire to break the cycle by asking students to reflect upon their responses and feelings regarding their performance on the first semester exam. A mastery approach is used in my courses. Students are given an opportunity to correct mistakes immediately upon completion of the exam. This exercise asks students to articulate and write about their feelings after completing the exam, after they have made their corrections, and when they receive their exam back with the final grade. They are also asked to consider what they need to do to improve their performance and what I can do to help them. The exercise is started in class immediately after the exams are returned in order to get the student's initial reactions to the test and their score. The questions regarding what they and I can do to improve are completed as a homework assignment to allow more time for thoughtful consideration. I return each of the student questionnaires with my comments and suggestions at the next class.  

     I think that I shall never see a mathematical equation as lovely as a tree. Naturally I couldn't resist trying to get your attention by using (abusing) a famous line from the poem "the Tree" by Joyce Kilmer.  I use a poetry assignment as a tool to unlock  students inner thoughts about their relation to my algebra courses. In algebra classes where math anxieties are prevalent the use of a poetry writing assignment encourages students to make connections between algebra and their daily lives in a way they would not otherwise consider. Students who feel they have a stronger interest in writing versus math are often intrigued by the results of this exercise when their they see how their poems and those of their classmates give them insights into how different people deal with math anxieties. 

     Students often find it easier to write about their concerns rather than to address a professor directly. When students take the time and make a good effort to compose a poem they often reveal much more about themselves than they might in conversation or during class discussions. They also appreciate the idea that someone is interested in their ideas and artistic abilities as well as their math skills. This avenue of communication is mutually beneficial to the students and professor and often leads to a stronger commitment and effort by the students. 

     Standardized tests using multiple choice, true false, fill in the blanks or essay questions provide a limited basis for understanding and evaluating student performance. These methods deal primarily with factual information, rote memory and perhaps some critical thinking through an essay. What is needed in addition to these historic assessment techniques are methods for understanding students' affective learning skills and a variety of student learning styles. The "One Minute Paper" provides an excellent addition to our repertoire of assessment techniques. 

     The one minute paper is completed by the students at the end of class (and actually takes several minutes). Two questions are asked: 1. What is the most significant thing you learned today? (This question can be generalized as 'What did you learn today' or made case specific by asking 'What did you learn about ______ today?'); 2. What question(s) do you still have? (This question may be left general or directed to a particular part of the class or concept). The papers may be anonymous or signed. I recommend anonymous papers initially. This encourages students to participate more openly and provides general information for the teacher. Students will give more direct and honest answers if they feel they will not be judged or penalized by expressing their opinions and feelings. When students become familiar with this form of self assessment and learn to trust the teacher's response you can ask for signed papers. The primary advantage of a signed paper is that the teacher can respond directly and privately to individual students. A transition might involve making signatures voluntary for those students who wish a specific response. 

      The purpose of this exercise is to encourage students to reflect on the class and review and synthesize what they learned before they leave the class. Most classes end when the teacher has finished lecturing. It is an abrupt end causing students to focus on their next class or activity, virtually blocking out the material they have just covered. The next time they look at the material occurs when they start their homework. 

     Print media including newspapers, magazines, journals and other forms provide a rich source of real life, practical examples which illustrate concepts discussed in academic courses. This is especially true of mathematics where writer of all types use mathematical principles or operations to justify opinions, highlight the theme of a particular article, or justify a conclusion. The business and sports sections or newspapers are perhaps the richest source of math based articles. Even the comics section has many examples of subtle humor based upon the direct use of numbers and math concepts or which use society's anxiety over math in general. 

In this exercise I ask my students to find three articles, from print media of their choice, which use mathematical principles to make a point. Articles from magazines which represent hobbies or special interests of the students are most appropriate. The use of newspaper stories which deal with a student's personal issue or current topic of interest are also encouraged in order to personalize the analysis. Students provide an overview of the article, a description of exactly how math was used, whether the article changed or reinforced their opinion, especially if based upon the mathematics, and what they concluded about the article. Their analysis is to include an explanation of how math was used to convince the reader that the article's thesis was correct and whether the author succeeded in making his/her point convincingly. 

      When concepts are formulated by students based upon their personal experiences they are more likely to understand and remember the concepts being studied. This exercise emphasizes this learning strategy by having students find articles which are of interest to them and have real meaning in their lives. It then asks them to build on their prior experiences by critically analyzing each article and its impact upon their views of a particular issue. The purpose behind requesting three articles is to demonstrate the wide application of math in the real world and to encourage students to build upon their analytical and writing skills through successive writing efforts. 

     The two-column format is a unique method for relating written explanations to abstract mathematical processes. A problem many people encounter when they study mathematics arises because they learn to memorize procedures without fully understanding the concepts or rules behind the operations. When they are asked to explain their rationale they are at a loss. Having students explain their methods by writing explanations in English as they work through a problem causes them to think critically and reflectively. The process helps students clarify what they know and what they do not understand and often enables them to formulate questions, which helps them learn difficult concepts. 

    In the two-column format the student divides the worksheet into two columns. The left column is used to work out a math problem using a sequential step by step procedure. The right column is used for a written explanation of each step. In one two column assignment students are asked to focus on their thoughts as they attempt to solve a word problem. A significant problem associated with story problems occurs when students become distracted by the story line and their thoughts stray from the problem solution process to the story itself. In the example problem students are asked to relate costs for two different car rental companies. This often elicits student's memories of trips or vacations or other occasions where they were involved in renting a car. When students write out their thoughts exactly as they think them along with their mathematical steps it becomes evident exactly how distracted they can become. Solving math problems, especially word problems, requires a great deal of concentration. Writing helps students focus on the process and increases their ability to concentrate on the problem at hand. This exercise provides an excellent opportunity for a cooperative learning activity. Students working in pairs complete a problem together using the two column format where they are asked to write a single explanation in the right hand column. 

  In conclusion, writing combined with cooperative learning creates helps motivate students by including them in the development of course procedures, causes them to reflect upon their performance and attitudes, creates a social learning experience and fosters an atmosphere of critical thinking.

