Helping preservice mathematics teachers develop the inclination and ability to deconstruct and connect mathematical ideas using the situations and the framework 
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Goal of use of Framework (if applicable): 

We will use the framework to help students see the “big picture” including the complexity of the knowledge and proficiency they are developing for teaching. 

Goal of use of Situations (if applicable) (Includes process of developing Situations.): 

The Situations will provide 

1. A context for understanding ideas in the framework 

2. Experience with analyzing and deconstructing mathematical ideas (especially in conjunction with their work in Calculus 1, see McCroryR_1.doc) 

3. Develop a disposition to keep exploring mathematical ideas even when a single explanation is apparent. 
4. Develop and appreciate the benefits of collaborative work in mathematics 

5. Learn to plan/prepare mathematically 

Specific Setting for use: 

 Methods courses for secondary preservice teachers 

Our first step is to identify the elements of the framework that relate to a particular Situation. In this case, we will use Situation 24 as an example. We find the following elements as relevant: 

Noticing: Symbolic form, Connect within 

Reasoning: Justifying/proving 

Creating: Representing, defining 
We think that taken as a whole, the Situation aims to develop “mathematical proficiency” with respect to the topic of absolute value, and we don’t see any value in trying to disentangle those elements.  Next, we need to connect these elements to particular aspects of the Situation. 

1. Symbolic form: Situation 24 illustrates several different symbolic forms for thinking about this problem. The salience of this item, however, seems lower than other items in this list. Although there are different symbolic forms to “notice”, they are better fit in the “Connect within” and “Defining” sections below. 

2. Connect within: Situation 24 connects number line and graphical representations to algebraic representations and to functions. In particular, Focus 2 uses number line to develop algebraic solutions. Focus 3 connects function, graphs and algebra. Focus 4 and Focus 5  use algebra primarily. 

3. Justifying/proving: Situation 24 provides multiple ways to justify the assertion of the original prompt, and thus illustrates different approaches to justification. 

4. Representing: The focus items feature a variety of representations of absolute value. 

5. Defining: Defining is primary content of Situation 24. The definition of absolute value from which the student starts determines the framework for the entire situation. In Focus 1, the definition is explored as to its meaning and representation on a number line. Focus 4 and Focus 5 consider alternative definitions for absolute value and explore their implications. 

We will focus on 2, 3, and 5 in this activity. 

  

Describe typical use: 

This is described as the first activity in a series of activities that scaffold the use of the Situations and introduce the Framework. 

Lesson 1: Give the prompt for Situation 24 to the students. Split into groups. Give them Focus 4 (two liner plus the piecewise definition) to half the groups, Focus 5 (two liner plus definition) to the others and ask them to figure out how to show the solution to the student's problem from their definition and to represent it graphically. Do this in groups, with groups reporting their solutions out. For homework, have them read the Brumfiel article. 
Lesson 2: (Next class). Discuss the article. In groups, connect their definition from lesson 1 to the definition in the prompt (distance from zero) and figure out how to explain the mathematics behind the student's question using the distance definition. Report out. Give them the Situation as written. Homework: read the situation closely and be prepared to talk about how the focus items are related to each other above and beyond being "about" absolute value. 
Lesson 3: (Next class). Discussion of homework. Introduce concepts of Defining, Connecting, and Justifying. In small groups, discuss: What is the role of definition in each of these focus items? How are the focus items connected to each other? How does each argument justify the answer the student was puzzling about?  

Future lessons will continue in this manner, scaffolding the Situation less each time and focusing on other elements of the framework. So, for example, the next situation used may not include a supporting article or explicit statement of any of the Focus elements. The questions might be more generic, such as: "From the prompt, is there an algebraic solution? A geometric solution? ..." Eventually the students will be given a prompt and simply asked to generate and develop focus points. 

For the framework, each Situation will be chosen to illustrate different aspects of Mathematical Activity. By the end of the class, the students will be ready to understand the entire Mathematical Activity portion of the framework. They may actually get the document, or some version or part of it of it as appropriate. 

After enough experience with activities like this, we would expect to be able to ask students to write their own Situations during the lesson planning process to explicate the mathematics their lesson might entail. 

  

Describe the mathematical goal(s) of the use: 

1. Show different representations for the specific idea in the Situations used to help students learn these ideas meaningfully. 
2. The activities and situations push them to think about mathematics in multiple ways. 

3. Help the students develop a mathematical disposition to keep exploring ideas even when a single explanation is apparent. 

4. Help students develop a mathematical disposition to collaborate. 

5. Give students tools they can use when planning and preparing for their own mathematics teaching. 
Challenges in Implementation: 

1. Time. Some of these activities might lend themselves to online group work.
2. Preservice teachers' possibly limited knowledge that may make these activities hard for them. If these kinds of activities are adopted in multiple classes (like calculus -- see our other doc), implementation in every class will be easier, especially as they move through the program.
3. Pushback from the students who want to know "What do I do?" They are likely to push for pedagogy, pull away from the mathematics. The "what do I do on Monday" syndrome.
4. Knowledge of instructors: If they don't know the framework well, this could be hard. Also, it is possible that they may not  know the mathematics well enough to handle the Situations. We expect that anyone teaching one of these courses would have the background to be able to teach these lessons, if they take the time to prepare. 
