Encouraging Communication in Mathematics

Creating Opportunities

Mathematical games can foster mathematical communication as students explain and justify their moves to one another. In addition, games can motivate students and engage them in thinking about and applying concepts and skills. 
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Linguistic translations included writing algebraic summaries out in words, explaining meaning of symbol in formulae; translating formulae into words and writing out steps to solve procedural problems (e.g., 276 ÷ 23). 

Summarizing included recording notes from memory, describing how to solve a problem such as: 
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 and reactions to mathematics being studied. 

Writing their own story problems was part of applied use of language. 

Creative use of language included the opportunity to write short papers on important people and events in the history of mathematics. 
Discussion in the classroom

Students should become more skilled in speaking to one another and in convincing or question their peers. The discourse should focus on making sense of mathematical ideas and on using mathematical ideas effectively in modelling and solving problems. Their communication can consist not only of conversations between student and teacher or one student and another student but also of students listening to a number of peers and joining group discussions in order to clarify, question, and extend conjectures. In classroom discussions, students should become the audience for one another's comments. This involves speaking to one another in order to convince or question peers. 

When thinking is discussed regularly in the classroom, students feel comfortable describing their thinking, even if their ideas are different from the ideas of their peers. Discourse is not a goal in itself; rather, the value of mathematical discussions should be judged by whether students are learning important mathematics as they participate in them. 

http://standards.nctm.org/document/chapter5/comm.htm#ee51
What should communication look like in the classroom?   

Communication should include sharing thinking, asking questions, and explaining and justifying ideas. It should be well integrated in the classroom environment. Students should be encouraged to express and write about their mathematical conjectures, questions, and solutions. For example, after preparatory work in decimals, a teacher engaged her students in the following problem in order to help them think about and develop methods for adding decimals (episode adapted from Schifter, Bastable, and Russell [1999, pp. 114–20]).


Although they had worked with representing decimals, they had not discussed adding them. As was customary in the class, the students were expected to talk with their peers to solve the problem and to share their results and thinking with the class. The students used communication as a natural and essential part of the problem-solving process. As the groups worked, the teacher circulated among the students:

	Nikki:
	We could line the numbers up on the right like you do with other numbers.

	Ned:
	Maybe we should line up the decimals, but I don't know why we would do that.

	Teacher:
	I think you're suggesting that you might line this problem up differently from the way you line up whole-number addition. Is that right?

	Ned:
	(Nods.)

	Teacher:
	Why do you line whole numbers up the way you do? What's the reason for it?

	Ned:
	I don't know. It's just the way you do it. That's how we learned to do it.

	Malik:
	I think it would help if we drew a picture, like of the [base-ten] blocks. Maybe we could figure it out then. 


	


Listening carefully to the discussions, the teacher rephrased Ned's suggestion in order to make sure she had accurately captured his thinking, to help him focus on the important mathematical concepts, and to guide him in considering how this problem is related to those more familiar to him. Ned's response gave her important assessment information about whether he understood his method for adding whole numbers. Although he was able to use an algorithm to add whole numbers, he lacked an understanding of the concepts behind the procedure and therefore was unsure if or how it could be used or adapted for this new purpose.
The teacher moved to another group where the students had represented their problem as shown in figure 1
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Fig. 1. Jaron's group's incorrect solution to 1.14g + .089g + .3g

	Teacher:
	What happened to the decimal numbers?

	Jaron:
	We just decided to drop the decimals and add the numbers like usual. That way we could line them up on the right and add. We left the zero in there, but you can just leave it out since it doesn't mean anything.

	Teacher:
	Do you all agree?

	Johanna & Jerry:
	Yes.

	Teacher:
	Are you saying, then, that if you start out with 1 and a bit grams of gold and some other little bits that it adds up to 206 grams of gold? 


	


In talking with Jaron's group, the teacher asked a question that led students to think about the reasonableness of their response by considering it in relation to its real-world context. The realization that their response didn't make sense caused the students to revisit the problem. In this particular instance, the teacher chose to let students work through their confusion. The teacher's decisions about what to say or not say, what to ask or not ask, were based on her observations of the students and their conversations. For example,  “What strategies were they using?” Were misconceptions being challenged? Her goal was to nudge the students to reflect on their answer and to do further mathematical reasoning.
After the groups finished their work, the class as a whole had a discussion. Rob reported that the students in his group represented the problem as shown in figure 2.
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Fig. 2. Rob's group's solution to 1.14g + .089g + .3g
Ned immediately asked why they had decided to line up the numbers that way, and Rob responded that the group thought they needed to line up the tenths with the tenths and the hundredths with the hundredths to "make it come out right." Jaron speculated that it was possible to drop the zero in .089, since "it doesn't stand for anything." Teresa jumped in the conversation by stating, "You can't just drop that zero. It has to be there or you get 89 hundredths instead of 89 thousandths, and they're not the same at all." Malik continued to push for a model, but he was stumped. "If I had the flats as one whole, then the rods are tenths and the units are hundredths, but I don't know how to draw the thousandths except as dots. Then I can't really tell what's going on." Another student, Ben, suggested that the block be one whole, so a flat could be tenths, the rod could be hundredths, and the unit could be thousandths. He and several other students drew and presented a picture to illustrate their thinking (see fig. 3)
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Fig. 5.34. Ben's group's solution to 1.14g + .089g + .3g

Malik paid close attention during Ben's explanation, nodding that he understood. Teresa was also interested in the explanation, noting the significance of how zero was represented. After this presentation, the students wrote in their journals, explaining what they thought was a correct procedure for adding the numbers. Many mentioned that the demonstration had made it clear that tenths had to be added to tenths and hundredths to hundredths for the right answer. Some made up new problems and made drawings of the base-ten model.

Because discussion of thinking was a regular occurrence in this classroom, students were comfortable describing their thinking, even if their ideas were different from the ideas of their peers. Besides focusing on their own thinking, students also attempted to understand the thinking of others and in some cases to relate it to their own. Ned, who earlier had been unable to articulate why he lined up whole numbers in a particular way when he added, questioned Rob about why his group had lined up the numbers the way they did. Ned was taking responsibility for his learning by asking questions about a concept that wasn't quite clear to him. Ben thought about Malik's dilemma and came up with a solution that became clear to Malik. 

The use of models and pictures provides a further opportunity for understanding and conversation. Having a concrete referent helps students develop understandings that are clearer and more easily shared.  The talk that preceded, accompanied, and followed Ben's presentation gave meaning to the base-ten model. Malik had been "stuck" by viewing the model in one way until Ben showed him another way to look at it.

Throughout the lesson, the interactions among students were necessary in helping them make sense of what they were doing. Because there was time to talk, write, model, and draw pictures, as well as occasions for work in small groups, large groups, and as individuals, students who worked best in different ways all had opportunities to learn.

What should be the teacher's role in developing communication?

Well-posed questions can simultaneously elicit, extend, and challenge students' thinking and at the same time give the teacher an opportunity to assess the students' understanding. 

Teachers must help students acquire mathematical language to describe objects and relationships. For example, as students use informal language such as "the corner-to-corner lines" to describe the diagonals of a rectangle, the teacher should point out the mathematical term given to these lines. Specialized vocabulary is much more meaningful if it is introduced in an appropriate context. 

Teachers also need to provide students with assistance in writing about mathematical concepts. They should expect students' writing to be correct, complete, coherent, and clear. Especially in the beginning teachers need to send writing back for revision. Students will also need opportunities to check the clarity of their work with peers. Initially, when they have difficulty knowing what to write about in mathematics class, the teacher might ask them to use words, drawings, and symbols to explain a particular mathematical idea. For example, students could write about how they know that 1/2 is greater than 2/5 and show at least three different ways to justify this conclusion. To help students write about their reasoning processes, the teacher can pose a problem-solving activity and later ask, "What have you done so far to solve this problem, what decisions did you make, and why did you make those decisions?" As students respond, the teacher can explain, "This is exactly what I'd like you to tell me in your writing."




Pretend you are a jeweller. Sometimes people come in to get rings resized. When you cut down a ring to make it smaller, you keep the small portion of gold in exchange for the work you have done. Recently you have collected these amounts:





1.14 g�
.089 g�
.3 g�
�



Now you have a repair job to do for which you need some gold. You are wondering if you have enough. Work together with your group to figure out how much gold you have collected. Be prepared to show the class your solution.
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