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Overview 

• Mathematical Preparation of Secondary Teachers
• Framing of the Initial Study
• Results of Initial Study
• Classroom Teaching Experiment
• Preliminary Results of Classroom Teaching 

Experiment
• Future Directions



Mathematical Preparation of Secondary 
Mathematics Teachers
• Current policies require a mathematics major or its equivalent 

(generally not less than 30 credits).
– Little empirical evidence on what mathematics teachers need 

(Begle, 1979; Monk, 1994; Wilson, Floden, & Ferrini-Mundy, 2001)
• Consequence is that the plurality of coursework secondary 

mathematics teachers have comes from their mathematics 
courses

• What mathematics content and practices are these students 
learning in their mathematics courses and how might this 
knowledge be useful for teaching?



Framing of the Initial Study

• I wanted to move beyond what students knew about 
particular mathematics topics

• Focus on how these students do mathematics and 
how their mathematical practices align with those of 
the mathematical community (RAND Mathematics 
Study Panel, 2001)



What is the community of mathematical 
practice?
• Research mathematicians engage in the practice of 

continually learning mathematics
– Learning in practice includes the following processes for the 

communities involved: evolving forms of mutual engagement; 
understanding and tuning their enterprise; and developing 
their repertoire, styles, and discourses

• The community has a “thick” boundary that includes 
many people who are not research mathematicians 
but participate in peripheral ways 



What are practices of research 
mathematicians?
• Conjecturing, defining, generating significant 

problems, mapping problem solutions strategies, 
proving, communicating orally and in writing, 
collaborating, appreciating the aesthetics, working 
through getting stuck (Burton, 2004; Campbell & 
Higgins, 1984a, 1984b; Lang, 1985)

• One of the main difficulties in mathematics is to find 
the subject on which you want to concentrate, and 
the problem which you are going to try to solve. 
(Lang, 1985)



Mathematical Problems

“a mathematical problem should be difficult in 
order to entice us, yet not completely 
inaccessible, lest it mock at our efforts. It 
should be to us a guide post on the mazy 
path to hidden truths, and ultimately a 
reminder of our pleasure in the successful 
solution” (Hilbert, 2000, p. 407-408). 



Mathematical Problems

– Approachable
– Significant and Non-trivial mathematically

• (i) The point of solving problems is to 
understand mathematics better.

• (ii) The point of understanding mathematics is 
to become better able to solve problems. 
(Gowers, 2000, p. 65 ).

– Aesthetically interesting



Knowledge in Action

• View “development as transformation of 
participation in sociocultural activity” (Rogoff, 
2003, p. 52)
– the research question is framed as how senior 

mathematics students participate in posing 
significant mathematical problems, the activity of 
the mathematical community under examination.



Data Collection

• Fall 2001 students in capstone course of 
mathematics majors considering secondary teaching

• Course satisfies part of the writing requirement for 
university

• Weekly assignment
– investigate a new mathematical problem or question of 

interest to them, and write a solution as if they were writing to 
another beginning mathematics teacher 



Results

• Purpose of a problem
– To solve the problem, less to understand 

mathematics
– Persistent problems in posing a mathematical 

problem
• “What are eigenvectors and eigenvalues and what are 

they used for?”
– Difficulty linking exposition of mathematical 

knowledge to the solution of a mathematical 
problem



Difficult yet approachable

• How do constraints on a, b, and c affect the 
quadratic? 

• For the nth row of Pascal’s triangle, the 
elements of the row “pushed together” 
become 11n

• Does there exist a connection between 
combinatorics and Rook polynomials? 



Difficult yet approachable

• “Is there a similar relationship [with Pascal's triangle] 
when it is a trinomial or polynomial in the form of 
(a+b+c+...+k)n? Is there a similar triangle or shape that 
has certain symmetry that is associated with the 
coefficients?” (Student 3, Week 5)

• “If someone were to pick a row on Pascal's Triangle 
and randomly pick any number on either the row they 
chose or any row above the chosen row, what would 
be the probability that they would pick an even 
number?” (Student 4, Week 6)



Continued Exploration

• Relating to the "Towers of Hanoi" 
mathematical game, what is the fewest 
amount of moves necessary to take 64 rings, 
of successively larger sizes from the first peg 
and place them on one of two other pegs, 
stacked largest to smallest? 



Students’ Perceptions of Barriers

• “it would have been helpful to have some 
writing beforehand” not like previous classes 
with just “plug and chug and solve the 
problems” (Student 6, November 2001) 



Classroom Teaching Experiment

• Course – Mathematical Investigation and Problem 
Posing

• 20 students during Fall 2009
• Tasks designed within a framework of learning based 

on Dewey’s reflection on practice
– Creating experiences with mathematical practices
– Making the practices explicit
– Reflecting on those practices

• In addition to problem posing, also focused on 
conjecture and proof



Data collection

• Pre- and post-course task sort interviews
– Sort the tasks into high and low cognitive demand tasks

• Videorecorded weekly class meetings
– Two cameras, one focused on the teacher and one focused 

on students

• Audiorecorded weekly team meetings
– Debriefing and conjecturing ideas for the next meeting
– Designing future tasks based on interaction with students

• Copies of student work



Preliminary Results

• The students needed more opportunities to have 
experiences with the practices
– When assessed on their experience with working in a group 

or writing mathematics for peers as opposed to solutions to 
problems for the instructor, none of the 20 students had ever 
had an undergraduate experience with groupwork in 
mathematics. 

• To make the practice, or aspects of the practice, 
explicit, the students needed a range of experiences 
with the practice



The Problem of Overestimating 
Experiences with Authentic Mathematical 
Practices
• To make practices explicit for reflection and 

abstraction, students need a range of experiences
• We assumed that their mathematics background 

would have provided them a wider range of 
experiences

• Conjecturing
– Rarely in the prior mathematics courses had they had 

experiences conjecturing
– Had to have those experiences, across a range of problems 

and types of problems, before they could make the practice 
explicit (e.g., naming it when it happened), and reflect on it



Further work and Future Directions

• Continue analysis on conjecturing
• Beginning to name psuedo-mathematical practices 

they did engage in
– Taking mathematical knowledge on authority
– Generalizing from example to fact without proof

• Analysis that focuses on the impacts of these 
experiences on how they engage in mathematical 
tasks of teaching such as problem selection
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