
Math 812T – Geometry for Geometry Teachers
Summer, 2014

Instructors:
Brian Harbourne, Professor, University of Nebraska - Lincoln ( brianharbourne@unl.edu )
Stephen Hartke, Associate Professor, University of Nebraska - Lincoln ( hartke@unl.edu )

Master Teacher: Josh Males ( jmales@lps.org )

Graduate Student Assistant Instructor: Yang Zheng ( s-zyang8@math.unl.edu )

Course Web Page: http://www.math.unl.edu/~bharbour/M812TSummer2014/
The course webpage will have postings of announcements and assignments,
as well as a log of daily activities.

Room and Time:
Avery Hall 347, June 2–13, 2014, 1-5pm

Course Goals:
The main goals of the course are to strengthen your mathematical background for teaching Ge-
ometry. We will focus on fundamental concepts of Euclidean geometry, with explorations of non-
Euclidean geometry for contrast. We will make some use of manipulatives and extensive use of
computer software such as: GeoGebra, Spherical Easel, and Non-Euclid.

Expectations:
You are expected to attend all class meetings, complete assigned readings, take your work seriously,
complete all assignments to the best of your ability and turn them in on time, and complete daily
evaluation forms. You will get more out of the course if you display a positive attitude, are curious
and ask questions, are a team player, work to improve yourself as a mathematician, help others,
and are patient with yourself and others (it takes time to master new ideas).

Daily Structure:
Homework will be assigned each class; at the start of the next class we will briefly look over
everyone’s draft solutions and assign a score of either check plus (solution is correct and of high
quality), check (solution is substantially correct), or check minus (solution needs to be improved).
A complete correct solution is not necessary to obtain a check or better. If you were not able to
solve the problem, you should discuss how you approached the problem and what difficulties arose
that prevented a solution. We will then discuss the homework as a class; please be ready to present
your approach to each problem, whether or not you successfully solved the problem. You should
keep your original draft in your course folder. If you did not obtain a complete correct solution,
you should also write up and include a revised solution. (At the end of the course, you will turn in
a selection of five of these final solutions, called your “fabulous five”.)

After the homework discussion, we will have various group activities, possibly preceded by short
lectures to introduce material. Some activities will require computers, so please bring a laptop
every day. Let me know if this is not possible.

Grading Policy: Part of our responsibility as instructors is the assessment of participants’ achieve-
ment in this course. We recognize that participants have varying kinds of teaching experiences and
different educational backgrounds with respect to previous opportunities to learn mathematics.
Thus, we believe it is appropriate to have an assessment system that values effort, teamwork,
progress in learning mathematics and the development of knowledge, skills, and dispositions for
teaching and inquiry.

http://www.math.unl.edu/~bharbour/M812TSummer2014/
http://www.geogebra.org/cms/
http://merganser.math.gvsu.edu/easel/
http://cs.unm.edu/~joel/NonEuclid/NonEuclid.html


Course grades will depend on:
• 10%: Participation
• 20%: Daily homework assignments
• 10%: Group in-class presentation June 12-13
• 10%: Group written report on presentation (due June 20)
• 10%: Your Fabulous 5 (due July 9)
• 10%: Your problem reflections (due July 9)
• 20%: An end-of-course problem assignment (due July 9)
• 10%: Your end-of-course course reflection (due July 9)

The deadlines above will permit grading and assigning grades by the university deadline of July
16. However, if for any reason you find the deadlines problematic, discuss it with us and we will
agree on an adjustment of the date that works for you.

Participation: Activities that can contribute to the participation grade will include asking ques-
tions, participating in daily discussions, presenting problems to the class and being prepared to
discuss homework problems.

Daily Homework: Discussed above.

Group in-class presentation: There will be group projects, done in groups of 2 to 4, on topics in
geometry relevant to high school instruction. Each group must pick a different topic. You will need
to submit a written proposal briefly describing the topic you have in mind, due Thursday June 5.
You will receive instructor feedback, and must have finalized your plans by Monday June 8. Your
group will give an in-class presentation on your topic on the last two days of class, Thursday-Friday
June 12-13. You will also turn in a written report, due Friday June 20. Here are some possible
topics:

Taxi Cab Geometry: Taxi Cab geometry is a Non-Euclidean Geometry and is based on the
idea of city streets being parallel and perpendicular to each other. Introduce this geometry
to the class, discuss its history and share some interesting results.

Young’s Geometry: Young’s Geometry is a finite geometry but being finite is not one of the
axioms. Explain why it is finite and share some interesting aspects of this geometry with the
class.

Incidence Geometry: Incidence Geometry is a geometry that involves four axioms using the
undefined terms point, line. Introduce this geometry to the class, discuss its history and share
some interesting results.

Trisecting an Angle: Discuss the Greeks’ famous problem of trisecting an angle using only a
compass and a straight edge. Discuss the history of the problem and in which specific cases
it is possible. Demonstrate a method to trisect angles that uses tools other than a compass
and straight edge (e.g., the origami method).

The Pythagorean Theorem: Demonstrate at least two proofs of the Pythagorean Theorem
that are different than the proof presented in class. (Note that a proof was even given by
President James Garfield!)

Fractal Geometry: In Euclidean Geometry our objects are described in terms of integer
dimensions, e.g., a point has dimension 0, a line has dimension 1, a plane has dimension 2,
and a sphere has dimension 3. The objects in Fractal Geometry are described via algorithms
and have non-integer dimensions. Introduce the fascinating Fractal Geometry to the class.
In doing so, be sure to talk about applications of Fractal Geometry to nature.
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The Euler Line of a Triangle: The Euler Line of a triangle is a special line which passes
through several notable points of a triangle. Introduce the Euler Line and its importance to
the class. Construct the Euler Line of a triangle using either a compass and straight edge or
a software program.

The Erlangen program: how does this relate to transformational aspects emphasized in some
high school curricula? How does it differ from more traditional approaches to geometry?

Other kinds of geometries: Other areas of mathematics are regarded as being kinds of geom-
etry, such as Riemannian geometry, Lorentzian geometry, differential geometry or algebraic
geometry. Pick one and explain in what sense it is a geometry and how it differs from Eu-
clidean geometry.

Flexible Polyhedra: discuss the existence of flexible polyhedra. How does the situation with
polyhedra differ from that for polygons? What does the Cauchy Rigidity Theorem say? What
is the Bellows Conjecture?

The Kepler Conjecture: explain what the conjecture says and what is known about it.

Pappus’s Hexagon Theorem and Pascal’s Hexagrammum Mysticum Theorem: What do these
theorems say? How are they related?

Tilings of the plane: What is a tiling? What are Penrose tilings? What is known about tiling
the plane by convex polygons?

Geometry before Euclid: what was known and by whom?

Your Fabulous 5: You will select 5 homework problems, at most three from each week, whose
solutions you are proud of and which demonstrate what you have been able to accomplish. For
these problems you will be expected to submit solutions of high quality, that demonstrate sound
reasoning, an appropriate approach, sufficient justification, proper mathematical notation, good
organization, and expositional clarity.

Problem Reflections Assignment: You will select two problems from your Fabulous 5 that
stand out to you for some reason and write about your experience as a learner of mathematics.
For each problem, explain why you chose it and reflect on what mathematical ideas you learned
and what you are learning about yourself as a learner of mathematics. Each reflection should be
one-half to one page in length.

End-of-course Problem Assignment: This will consist of a problem set you will receive no
later than Friday June 13, the last day of class.

End-of-course Reflection: This is a written assignment on which you reflect on what you have
learned. Are there things that you found particularly interesting, surprising or meaningful? Has
your perception of mathematics changed? If so, in what ways? Will what you have learned have any
effect on your teaching? In particular, are there any discrete math topics that you could introduce
at your grade level and explain how these topics would be integrated into your current curriculum?
Your final reflection should be approximately one page in length.

Grading Scale: Grading is based both on mathematics learned and on effort and teamwork. My
expectation is that all grades will be at least a B, and, I hope, many grades will be well above that.

B- (or lower): A grade below B is a statement that the instructors do not believe that the teacher
made a reasonable effort to use the opportunity provided by this course to develop into a stronger
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teacher. Possible issues are attendance, uncooperative behavior, and assignments that are incom-
plete, late, or lacking in effort to learn.

B: Regular class attendance, reasonable participation, most assignments submitted on-time, coop-
erative with peers, good effort to complete assignments and to learn mathematics.

B+: Regular class attendance, active participation, assignments submitted on-time, supportive and
helpful to peers, admirable effort to complete assignments, good progress in learning mathematics.

A-: Meeting the level for a B+ grade, plus strong participation or strong progress in learning
mathematics.

A: Meeting the level for a B+ grade, plus outstanding participation or outstanding progress in
learning mathematics.

A+: This is an honorific indicating having met and substantially surpassed the level for an A grade.

Departmental Grading Appeals Policy: Students who believe their academic evaluation has
been prejudiced or capricious have recourse for appeals to (in order) the instructor, the departmental
chair, the departmental appeals committee, and the college appeals committee.
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