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Teach North Texas

A Capstone Mathematics Course 
for Future Secondary Teachers

An attempt to answer a question 
often posed by students:

“Why do I have to take Real Analysis?”
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Why a Capstone Course?

[M]athematics departments can 
support the design, development 
and offering of a capstone 
course sequence for teachers in 
which conceptual difficulties, 
fundamental ideas and 
techniques of high school 
mathematics are examined from 
an advanced standpoint. 
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Timeline
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2006: Capstone course proposed by 
math-ed specialist. Department 
approves and requires course for all 
future teachers, effective 2008.

2007: Math-ed specialist leaves UNT. 

2008: First offering of capstone course.
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Traditional Lectures on Mon/Wed

o Complement other mathematics courses
o Comply with NCTM standards for preparing 

mathematics teachers
o Increase chances of success on state 

certification exam

Friday Question-and-Answer Sessions

o Inspired by example of Central College (IA)
o W. A. Weber, MAA Focus (Dec 2007), 14-15
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2009: Reboot.
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Course Outline: 2010 and 2011

Component Assessed by %

Mon/Wed lectures
(traditional math course)

Three midterms + Final 55

Homework 9

Certification preparation Weekly problems 9

Friday presentations Peer review 9

Differentiated instruction Course project 
(grading) 9

Engagement activities Course project 
(short essays) 9
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Monday/Wednesday: 
Objectives and Outline

Number Theory for 
Teachers 
Characterizing 
Pythagorean Triples
Decimal Expansion of 
Rational Numbers
Geometric Form of 
Complex Numbers
Theorems for Factoring 
and Graphing Polynomials 
and Rational Functions
Irrational, Algebraic and 
Transcendental numbers
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o Complement other 
mathematics courses

o Comply with NCTM 
standards for preparing 
mathematics teachers

o Increase chances of 
success on state 
certification exam
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Student Perceptions:
Mon/Wed Lectures
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A large majority of 
students favored 
keeping all topics in 
future years

“Similar topics [to 
previous courses], but 
we covered wildly 
new nuances, and 
explained previous 
knowledge more in 
depth.”
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Certification Review

Long-range purpose: prepare students for the state 
mathematics certification exam

Discussed in office hours, not in class

Hopefully a relatively painless way to remind (or teach) 
students about the secondary mathematics curriculum

Hopefully not a huge time sink
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www.math.unt.edu/~johnq/Courses/
2011spring/4050/hw.htm

Precalculus (8 weeks)
o Functions
o Polynomials and rational functions
o Exponential and logarithmic functions
o Trigonometry (4 weeks)
o Sequences and series

Calculus (5 weeks)
o Limits and continuity
o Differential calculus + applications (3 weeks)
o Integral calculus + applications

Combinatorics (1 week)
Basic probability and descriptive statistics (1 week)
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~15 problems, 
choose 5 

Implored to 
solve all prior to 
licensure exam

Do NOT appear 
on exams or final
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Student Perceptions:
Certification review
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Should the certification 
reviews be retained in 

future years?

What percentage of 
problems were…
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Friday Question‐and‐Answer 
Sessions

Inspired by example of Iowa’s Central College.
Students are given a list of difficult-to-answer questions 
posed by students.

o www.math.unt.edu/~johnq/Courses/2011spring/4050/friday.pdf
o R. J. Crouse and C. W. Sloyer, Mathematical Questions from the 
Classroom (out of print)

o I. J. Papick, “Strengthening the Mathematical Content 
Knowldege of Middle and Secondary Mathematics Teachers,” 
Notices of the AMS, Vol. 58, No. 3 (2011), 389-392

o My own Precalculus students
o My 7-year-old daughter
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Implementation and Purpose
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Professor plays the role of 
curious/obnoxious student
Students are called at random to the board to answer 
the next question on the list
Grade obtained by peer evaluation
Reviews (or, in some cases, teaches) content without 
boring students to death
Addresses their own misconceptions in a low-key way
Complements the design/delivery of a full-blown 
lesson plan
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Student Perceptions:
Friday Q & A
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Should the Friday 
presentations be 

retained in future years?

What percentage of the 
Friday problems were 

___ for you to answer?
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Student Perceptions:
Friday Q & A
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Most questions were 
realistic that I should be 

prepared to answer.

I feel better prepared to 
anticipate and respond to my 

future students’ questions.
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Students are given Precalculus
homework to grade, as if they 
were the teacher. 

o This is often an eye-opening 
and/or depressing experience.

Students divide their “class” into 
groups based on skill level and 
develop follow-up problems for 
“the next day.”

o Fundamental issue I haven’t 
figured out: On what basis should 
I grade these groupings?

Project #1: 
Differentiated Instruction
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Project #2: Finding 
Engagement Activities
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“Farmer Jones has to 
enclose a pen with 100 

meters of fence. One side 
of the pen is already in 

place. What are the 
dimensions of the pen 
that has the maximum 

possible area?”

Basic premise:
Authors of textbooks (and hence aspiring math teachers) 

seriously believe that the following problem actually 
piques student interest in mathematics.
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Project #2: Finding 
Engagement Activities
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o What interesting word problems can your students do now?
o How can this topic be used in the future (extend from the past)? 
o How has this appeared in pop culture (high culture) (the news)?
o Who contributed to the discovery (development) of this topic?
o What are the contributions of various cultures to this topic?

Answer three questions (150-250 words) on three 
topics  chosen from Algebra, Geometry, Precalculus

Grading: Accuracy, Engagement and Understandability
All (ungraded) essays are amalgamated into a 
miniature reference book and returned to class.
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Student Perceptions:
Projects
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Should the differentiated 
instruction project be 

retained in future years?

Should the engagement 
project be retained in 

future years?
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Student Perceptions:
Course
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I hope future TNT 
students take Math 4050 

in the same format.

After taking this class, I 
feel much better prepared 

to be a math teacher.
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Student Perceptions:
Curriculum
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Before (After) taking this course, I understood the reasons 
why I had take theoretical courses like Real Analysis.
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Student Perceptions:
Preparation
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Before taking this course, I 
thought I understood the concepts 
taught in secondary mathematics 

well enough to teach them.

After taking this class, I now 
realize that I didn’t understand 
secondary mathematics as well 

as I had initially thought.
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Conclusions

Core components of our capstone course
o Monday/Wednesday lectures
o Certification reviews
o Friday Q&A
o Course projects

Illustrates importance of theorem-proving skills
Low-key way to address student misconceptions 
Low-key way to deepen knowledge of Precal/Calculus
Prepare students for certification exam and classroom
Complements the UTeach teacher-education sequence.
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