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Organization of the workshop

- LMTT project overview
= Goals of the project
= Goals for the course
= Goals for our research

- Do some mathematics in break-out groups

» Share reactions and review PSTs work



Goals of the Project

- Improve preservice secondary mathematics
teachers’ (PSTs) understanding of key aspects of
high school mathematics, particularly concepts
of advanced algebra and precalculus.

- Provide opportunities for preservice teachers to
work with mathematics students in these
content areas to further enhance the PST's
knowledge of mathematics for teaching (framed
within the situative perspective of teacher
learning).



Goals of the Course

- Revise and implement a capstone mathematics
content course for preservice secondary teachers
(development of curriculum modules).

- Develop and implement a practicum experience
that focuses on the mathematics content of the
curriculum modules.



Goals of the Research

- Investigate depth and strength of PSTs
mathematics content knowledge.

- Investigate PSTs self-awareness of mathematics
content knowledge for teaching high school.

- Investigate the interplay between the teaching
practicum and the PSTs growth of mathematics
understanding.



Goals of the Curriculum Modules

- Build understandings and habits of mind in the
context of secondary school mathematics

- Situate learning in precalculus, the penultimate
course in secondary school mathematics

» Model a balance of teacher- and student-
centered classroom strategies



More goals of the Curriculum Modules

- Foster PSTs’ connections
= among areas of mathematics

= between secondary and undergraduate
mathematics

= between mathematics and other disciplines



Tasks from curriculum module 2:
Quadratic functions and parabolas

- Engage in Angela’s problem and consider
samples of student work
- Research findings: Objections to engagement

= Material is not what aligned with practicum

= Topics are no longer in the secondary curriculum



Investigating Parabolas

Angela, a student in an Algebra 2 class, was looking at a way-cool diagram in
her math book as the teacher was teaching about factorlng quadratic equations. She
already knew everything she needed to about : .
solving quadratic equations; “after all,” she
thought, “I know how to complete the square and
that works every time!” So Angela was
daydreaming (again) in math class, looking at the
diagram in the book (right), which was like a 3D
web of squares with the horizon being a parabola.
“I wonder how they did that,” she thought. "That is
wicked cool!” Angela turned around in her seat to show it to Jaycob, who said,
“That's sick!”

— Angela then remembered a wine decanter that
her parents had at home, “That wine bottle is shaped
like a parabola! Itis neat how the wine seeks its own
level, no matter how you tip the bottle.” All ofa
sudden, Angela got an idea for a design kind of like
the one in the book, but with straight lines on the
inside of the parabola. “I can make secant lines"
(what a nerd) “inside the parabola by looking at the
level of the water. 1 wonder what the lines made by
the level of the wine will look like if I tip the bottle a
little each time?”

Angela began a sketch, wondering, “How can
[ find the right-hand point on the parabola that
corresponds to each left-hand point and keep \

constant the area of each “parabolic segment.” \ /
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The Practicum Experience: An Overview

Pairs of PSTs were placed in a Precalculus or
Calculus class (recitation section or stand-alone)
with an experienced graduate teaching assistant.

- PSTs responsibilities:

1. Attend and Participate once a week (about an
hour)
» Observe

» Assist students during time designated for independent
and/or group work

2. Plan, Implement, and Reflect on four 15 minute
activities over the course of the semester



Planning the Activities

- Assess students’ prior knowledge.

- Identify the primary goal (and sub-goals) you have

for your students’ mathematics learning.

» Create tasks to enable students to achieve the sub-

goals (consider features of a rich mathematical

activity).

- Plan for summary and closure for the entire activity.



Planning the Activities
What makes a Rich Mathematical Activity?

- It needs to be accessible to everyone from the start.

- It needs to allow further challenges and to be extendible.

- It should involve children in speculating, hypothesis making and testing,
proving or explaining, reflecting, interpreting.

- It should not restrict pupils from searching in other directions.

« It should promote discussion and communication.

- It should encourage originality and invention.

- It should encourage “what if” and “what if not” questions.

- It should have an element of surprise.

- It should be enjoyable.

From Better Mathematics, 1987, cited in Jim Neyland, ed., Mathematics Education: A
Handbook for Teachers, Volume 1, Wellington College of Education, New Zealand, 1994.



Implementing the Activities

1. Initially a mismatch between activity content and

what was happening in the precalc or calc classes.
2. Little time to implement activities.

3. Commonly Observed Format:
Preservice teachers work out a problem on board
Students work with others on similar problems

Selected students write their solutions on the board.



Reflecting on the Activities

- Describe the activity

“The goal of our activity was to enhance students understanding of
monotonic functions...we split the students up into groups to work on the
problems....we had each group present an answer to the class.”

- Describe implementation of the activity

“The students had a lot of questions for us. They asked what the derivative
of e”x was, how to find the local maximum and minimum, if their answer
looked correct, etc.”

. Reflect on outcomes

“We think the small groups were a great instructional strategy because
students felt more comfortable asking questions in front of a few students
rather than the entire class. It was also nice to have students
communicate their ideas with each other. We think this was an essential

part of the learning process during the activity.”



Assessing PSTs content knowledge

- Pretest/Post-test to assess knowledge of
precalculus concepts
= Jtems modified from precalculus final exam

- Interviews to assess knowledge and self-
awareness
= Tasks similar to pre- and post-test items



Content of pre- and post-test

- Linear equations
o relationship between slopes; finding equations

- Inequalities
= Solve with and without absolute values

» Quadratic functions
= vertex form; graphing parabolas

- Domain and range
= natural logarithm and arctangent functions

- Logarithms and exponential functions
= composition of functions; relationship between logarithms and exponentials; properties of exponents

- Square root function

= finding inverses, domain of inverse

» The sine and cosine functions

= arcsine and its relationship to sine; composition of functions; cosine of arcsine; trigonometric identities

« Arclength on unit circle

= radian measure; negative angle measure

« Transformation of trigonometric function
= graph function; state amplitude and period



Overall increase in scores
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Overview of test scores
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Improvement through interviews?
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Nature and Content of Interviews:
Knowledge and Self-awareness

» Initial and final individual interviews

 Three Paired interviews — with practicum
partner

- Interview components
(1) work on precalculus task;
(2) comment on student solutions to same task;
(3) perceptions of course components;
(4) perceptions of preparedness to teach.



Overview of Findings from Interviews

- Most students showed confidence in
preparedness to teach - just need refresher... “if
you don't use it, you lose it type of thing”

- Performance on content questions about same
as pretest - struggled with inverse, exponential/
logarithmic, and trigonometric functions

- Interview setting gave some students a chance to
engage in problem solving (with a partner)

- Wide range of responses to “analyze students’
work” tasks



