Helping Calculus students deconstruct and connect mathematical ideas through scaffolding of Situations

Suggested Format
General Context:
Preservice teacher education programs and coursework in methods and mathematics.
Names of contributors/authors:

Raven McCrory, Matthew Winsor
Goal of use of Framework:
Get prospective teachers to think more broadly about what they need to know and to appreciate the complexity of what they will do as mathematics teachers.
Goal of use of Situations:
1. Demonstrate the complexity of relatively simple-seeming ideas, and the value of connecting mathematical ideas that are not (ok, let’s get honest) taught in the same section of the book. 

2. Scaffold future teachers to be able to analyze  and deconstruct mathematical ideas in ways that help them prepare to teach (in general) and plan specific lessons (in particular). In essence we want them to learn to develop their own situations as they prepare to teach. We want future teachers to adopt this way of thinking as a habit or routine approach to their teaching.

3. Introduce future teachers to doing mathematics collaboratively and to the different ways people approach and analyze the same content. Help them see the value of working with others (especially their future colleagues) to discuss and plan for their teaching.

Specific Setting for use:
Secondary teacher education programs, both mathematics and education courses.
Describe typical use:
A. Cross program use. This use will need to be coordinated within and across classes. We describe here a possible approach within a program.

First mathematics course for secondary teachers:

B. Within course use: 

Mathematics course: The best course for this would be an early course in the program of preservice secondary mathematics teachers. A calculus course would be a good place, especially in schools where a majority of the students are future teachers. A geometry course would also be a good one for this. 

Here we will stick to the situations and not take up the framework, since we anticipate that the mathematics professors won’t want to teach about the framework.

Let’s say we are in a calculus class with most of the students heading for a teaching certificate.

Activity 1: Situation 21, Exponents (rephrased to be in a calc class; Or another situation that reviews mathematics needed for calculus). Give the students the prompt. Ask them first to solve the problem individually. Then split into small groups to answer the following questions:

Does it matter what x can be? Explain why or why not. Use concrete examples.

Does it matter what numbers can be used as exponents, m and n? Explain why or why not. Use concrete examples.

Do the values that are allowed for m and n influence the values that are allowed for x and vice versa? Use concrete examples.

Discuss answers and share the complete Situation 21 document. Homework assignment: For Focus 2, write up your own explanation using two different representations. (PS: we haven’t tried this to see if it is possible, but the idea is to give an assignment that requires the students to dig into the situation.)

Activity 2: Situation 1 Sin320 (Or another situation that reviews mathematics needed for calculus). (Use the first three focus points only). Give them the prompt. Give each group one of the focus statements (the two liner without commentary) and in groups, have them write a complete mathematical explanation of the focus their group is given. This would probably be best done over two or three days as a group homework assignment. Turn in to professor, grade them, make one doc that represents the best product and give them the doc and the Situation 1 as written. Test it on the next test.

(Might need to do activity 2 more than once with different situations.)

Activity 3:  Situation 48 Product Rule for Differentiation (Or another situation that includes topics from calculus) Do this at the end of the semester after they have already studied the product rule and beyond. Give the class the prompt, brainstorm with the whole class to develp focus points. Assign each group one of the class developed focus points. Follow the assignment for activity 2. 

Activity 4:  Situation 3 Inverse Trig Functions (Or another situation that includes topics prerequisite for calculus). Give students the prompt. Ask each group to develop at least 2 focus points and write up a complete explanatioin as in the situations. Proceed as in Activity 2.

This amounts to a total of about 3 hours of class time for these activities, plus the assignments and grading.
Describe the mathematical goal(s) of the use:

1. Show different representations for these specific ideas to help students learn these ideas meaningfully. 

2. More generally, helping students use different representations. The activities include topics that can be confusing for undergraduate mathematics students who tend to get “stuck” in seeing problems from a single perspective – eg., algebraically or geometrically. The activities and situations push them to think about things 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.
Challenges in Implementation:

Time. Convincing a faculty member that this is worth the time it will take. 

Knowledge. The faculty member needs to be able to handle the diverse ideas that may come up in these open-ended assignments.

What do you want to know about the effects of implementing your idea:

As a big goal, it would be interesting to assess results on student knowledge and on their teaching and preparing to teach.

A more reasonable goal would be to assess the impact on their future learning in mathematics classes. Do they apply these techniques/habits to later mathematics courses? Do they do better in later mathematics classes than students who have not had these experiences.

Does it change the way the instructor teaches future classes? Does it change what the instructor believes about the ability of their students? Does it change the methods or representations they use in class, or the way they prepare their lessons?

Does it impact the way the students prepare lessons for teaching in their education courses and field assignments (student teaching, internships)?

