
Imagination & Mathematical Thought

Rebecca Lea Morris

It seems that there was a mathematician who had become a novelist. ‘Why did he do
that?’ people in Göttingen marvelled. ‘How can a man who was a mathematician write
novels?’ ‘But that is completely simple,’ Hilbert said. ‘He did not have enough imagination
for mathematics, but he had enough for novels.’ — From Hibert by Constance Reid.

1 Instructor Information

Instructor: Rebecca Morris
Office: TBA
E-mail: TBA
Office hours: TBA & by appointment

2 Course Information

Time and Location

TBA

Required Texts

William Dunham Journey Through Genius: The Great Theorems of Mathematics, Penguin, 1991.

3 Course Description

What role does imagination play in mathematics? A much more important one than you might think!
To better understand the relationship between them, we’ll travel back to ancient Greece to explore the
development of geometry. There we’ll discover that mathematical advances often require great ingenuity
and imagination. Against this mathematical background, we will then address philosophical questions
to further explore this relationship, for example: “What is mathematical beauty?”; “Is mathematics ever
art?” and “What role should visualization play in mathematics?”

4 Course Objectives

By the end of the semester you should be able to:

• Describe important mathematical advances, such as the discovery of irrational numbers and the
development of non-Euclidean geometry

• Understand the imagination and creativity these mathematical developments required

• Describe different philosophical theories of beauty, understanding and explanation in mathematics
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• Evaluate philosophical theories of beauty, understanding and explanation against case studies in
geometry

• Plan and undertake a substantial research project

• Communicate ideas clearly and precisely, both verbally and in writing

5 Pre-requisites

(i) A background in philosophy and an interest in math; or (ii) A background in math (especially proofs)
and an interest in philosophy.

6 Course Requirements

Attendance and Participation

Good discussions are necessary for good philosophy! If you miss a class, not only are you missing out on
the insights gained from class discussions, you’re depriving your classmates of your ideas and input, too!
Because of this, your attendance and participation will count for 5% of your final grade in the course.
One or two unexcused absences will not count against you, but three or more may significantly im-
pact your attendance and participation grade.

Your attendance in each class will be taken with an exit ticket. This will work as follows: in the last
few minutes of the class I will ask you to write a response to a prompt related to the day’s activities or
reading, such as “Briefly indicate which proof you found preferable and why.” Your responses do not
need to be long—a few sentences is sufficient. However, if your response indicates that you either didn’t
complete the assigned reading or weren’t paying attention in class then you won’t receive attendance
credit for that day.

Reading

The course schedule, below, lists the reading we will be discussing for each class. Readings from sources
other than the textbook will be made available on Blackboard. Please bring a copy of the reading to
class, and make sure that you’ve read the material carefully. If you find parts of it difficult or confusing,
that’s okay! We can work through difficult parts in class together.

Homework Assignments

You will be asked to complete 16 short homework assignments for this course, which will be posted
on Blackboard. These assignments will ask you to answer one or two questions relating to the current
reading. The questions may ask for a response to a question in prose, or ask you to solve a mathematical
problem. Only your best 15 homework scores will count towards your final grade. Please hand in
a hard copy of your homework assignment at the end of class on the due date. Your responses can be
typed or handwritten, but if they are handwritten please make sure that they are legible—I can’t give
you credit if I can’t read what you’ve written!
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Project

You will be asked to complete a substantial final project for this course, a paper of 10-15 pages in length.
There is a lot of flexibility in the final project—the only real requirement is that it engages with math
and philosophy! You could, for example, write a paper that:

• explains the historical development of a mathematical result or proof and evaluates its philosophical
significance

• compares different proofs of the same theorem with respect to virtues like beauty, explanatory
value etc

• evaluates different philosophical theories of virtues like beauty, explanation etc

• evaluates the role of visual representations in mathematics

There will be a number of assignments that build up to the final paper: a project proposal, two
presentations, and a first draft. I will spend all of Class 13 talking to you about the final project, but
it is a good idea to meet with me individually to discuss your ideas before the first project assignment
(the project proposal) is due.

Project Proposal

You will be asked to write up a short (i.e. 1 page or less) proposal for your final project and submit it
during Class 17. Your proposal should introduce the topic of your final project and explain why you
want to write on this subject. You should also specify as precisely as you can the questions that you plan
to address in your final paper, and provide a list of sources that you will consult. When listing sources,
you should be specific and refer to books, journal articles etc—don’t just say e.g. “The internet!”

First Presentation

You will be asked to give a short presentation (approximately 10 minutes) introducing your final project
during Class 23 or Class 24. In your presentation, you should introduce the class to the general topic
you’re working on, as well as the specific questions you hope to answer, and summarize your initial
progress. After each presentation there will be 5–10 minutes for (friendly!) questions and discussion
from the audience. I will provide you with more details about your first presentation nearer the time.

Second Presentation

You will be asked to give a longer, second presentation (approximately 20 minutes) detailing the outcome
of your final project during Class 29 or Class 30. The audience should be prepared to ask the presenter
(friendly!) questions about his or her work—about 5–10 minutes after each presentation will be reserved
for questions and discussion. I will provide you with more details about your second presentation nearer
the time.

First Draft

A first draft of your final paper is due by midnight on the day of Class 30. You will be asked to submit
your first draft via Turnitin (an online plagiarism checker) on Blackboard. I will read your papers and
give you feedback (available via Grademark on Blackboard) by the start of exam week. Your draft will
be graded in the same way that I will grade the final paper, so it should be complete and not just a
sketch or an outline.
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Final Draft

The final version of your paper is due at midnight at the end of exam week. You will be asked to submit
your final paper via Turnitin on Blackboard.

7 Evaluation and Grading Policy

Your final score will be calculated according to the table below:

Component Contribution to Final Grade

Attendance and Participation 5 %
Project: Proposal 5 %
Project: First Presentation 5 %
Project: Second Presentation 10 %
Project: First Draft 20 %
Project: Final Paper 30 %
Homework Assignments 25 %

Your final score will be converted to a letter grade according to the following table:

Final Score Letter Grade

90 – 100 A
80 – 89 B
70 – 79 C
60 – 69 D
< 60 R

8 Course Policies and Expectations

E-mail and Blackboard

Please check your university e-mail and the course Blackboard site regularly! Important information
about the course (e.g. updates, course material, assignments etc) will be posted on Blackboard and/or
sent to your e-mail.

Attendance and Participation

To get the most out of this course, we need to have good discussions! To have good discussions you
must:

1. be present!

2. come to class prepared, i.e. bring the assigned reading with you and make sure you’ve read it
carefully!

Late Assignments

Short extensions may be granted if you contact me no later than the day before the assignment is due,
so please get in touch if you think you may miss a deadline. Late assignments will only be accepted
when there are exceptional circumstances.
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Collaboration

Discussion with your fellow students is encouraged! However, please make sure that the work you submit
is your own and reflects your own understanding of the material.

Use of Technology

Please make sure to silence or turn off your phone during class unless you are expecting an emergency
call and have let me know in advance. You are welcome to use laptops, tablets etc for class purposes,
such as referring to the readings or taking notes, but please do not use them to complete work for other
classes, or check your e-mail, Instagram, Twitter etc. Using electronic devices for non-class related
purposes not only distracts you, but it can distract your class mates, too. Because of this, if you are
found using technology for non-class related purposes, you will not receive attendance or participation
credit for that day. If you repeatedly use technology for non-class related purposes, you will not be
permitted to use your electronic devices in class any more.

If you wish to make an audio or video recording of class, please talk to me in advance.

Religious Observance

If classes or assignments for this course conflict with a religious holiday, please contact me in advance
so that we can make alternative arrangements.

Learning Disabilities

If you have a learning disability, please contact Disability Services and let me know of your needs at the
start of the semester.

Plagiarism and Cheating

Please make sure that the work you submit is your own. In general, you should include a reference
in your work if: you quote someone directly, you paraphrase someone, you use someone else’s idea(s),
figure(s), diagram(s), proof(s) etc. As mentioned above, collaboration and discussion is encouraged,
but you must not simply copy another student’s work or allow another student to copy your work.

If I find out that you have plagiarized or cheated in any way, you will receive a grade of 0 for that
assignment, and other appropriate measures, such as sending a letter to the Dean of Students, will be
taken.

Please note that, in order to deter and detect plagiarism, certain assignments in this course will be
submitted via Turnitin, an online plagiarism checker.

9 Course Calendar

Below is a tentative course schedule—please make sure to have completed the assigned reading for each
class. I will periodically ask you how you think the course is going, so be sure to speak up if you think
it is too fast or too slow and we can make changes to the schedule. I will talk to the class and post an
announcement on Blackboard to let you know of any changes.
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Week 1 What is Math?
Class 1. Introduction and ice-breaker activities. Reading: None.
Class 2. What is math? Reading: “What do mathematicians do?” by Professor A J Berrick, available
online here. Homework assignment (HA) 1 due.

Week 2 Geometry & Art: An Introduction
Class 3. Birth of proof: Pythagoras and Thales. Reading: Dunham chp 1 pgs 1-11. HA 2 due.
Class 4. Ruler and compass constructions in geometry and in art. Reading: My prepared notes (on
Blackboard). HA 3 due.

Week 3 Quadrature: Beautiful Geometry?
Class 5. Quadrature problems: An introduction. Reading: Dunham chp 1 pgs 12-17. HA 4 due.
Class 6. Quadrature of the lune. Reading: Dunham chp 1 pgs 17-26. HA 5 due.

Week 4 Euclid: Beautiful Geometry?
Class 7. Mathematical beauty. Reading: Rota “The phenomenology of mathematical beauty.” Jstor.
HA 6 due.
Class 8. Introduction to Euclidean geometry. Reading: Dunham chp 2 27-37. HA 7 due.

Week 5 Euclid: Beautiful Geometry?
Class 9. Euclidean geometry: Simple proofs. Reading: Extracts from Euclid (see e.g. David Joyce’s
website), plus Dunham chp 2 37-47 for reference. HA 8 due.
Class 10. Euclidean geometry: Pythagorean theorem. Reading: Extracts from Euclid, plus Dunham chp
2 pg 48-53. HA 9 due.

Week 6 Euclid & Beyond: Imagination in Geometry
Class 11. Proofs and diagrams. Reading: Extracts from Shin, Lemon, Mumma “Diagrams” available
at the SEP here. HA 10 due.
Class 12. The discovery of non-Euclidean geometry. Reading: Dunham chp 2 pgs 53-60. HA 11 due.

Week 7 Beauty & Understanding
Class 13. Final project bootcamp. Reading: None. Come to class ready to brainstorm ideas for your
final project!
Class 14. Mathematical beauty. Reading: Cellucci “Mathematical beauty, understanding and discov-
ery.” Springer.

Week 8 Beauty & Understanding
Class 15. What does it mean to understand mathematics? Reading: Extracts from Avigad “Under-
standing Proofs.” Available online here.
Class 16. Byrne’s geometry. Can beautiful, colorful diagrams enhance understanding? Reading: Ex-
tracts from Byrne’s Elements (see e.g. UBC’s website.).

Week 9 Imagination & Visualization in Math
Class 17. Byrne’s geometry. Can beautiful, colorful diagrams enhance understanding? Reading: Ex-
tracts from Byrne’s Elements. Project proposal due.
Class 18. Proofs without words? Reading: Doyle, Kutler, Miller, Schueller “Proofs without words and
beyond.” Available online here. HA 12 due.

Week 10 Imagination & Visualization in Math
Class 19. Proofs without words? Reading: Doyle, Kutler, Miller, Schueller “Proofs without words and
beyond.” HA 13 due.
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Class 20. Surprising proofs: Prelude to Heron’s formula. Reading: Dunham chp 5 pgs 118-121. HA 14
due.

Week 11 Beauty & Surprise
Class 21. Surprising proofs: Heron’s formula. Reading: Dunham chp 5 pgs 122-127.
Class 22. Surprise and mathematical beauty. Reading: V. Rani Satyam “The importance of surprise in
mathematical beauty.” Available online here.

Week 12 First Presentation
Class 23. Student presentations.
Class 24. Student presentations.

Week 13 Beauty & Explanation
Class 25. Mathematical explanation. Reading: Colyvan extracts from “Mathematical explanation” in
An Introduction to the Philosophy of Mathematics. HA 15 due.
Class 26. Are beauty and explanation related? Reading: Marc Lange “Explanatory proofs and beautiful
proofs.” Available online here. HA 16 due.

Week 14 Beauty & Explanation
Class 27. Are beauty and explanation related? Reading: Marc Lange “Explanatory proofs and beautiful
proofs.”
Class 28. Wrap up & funday! Earn extra-credit by participating in mathematical and philosophical
activities! Reading: None.

Week 15 Second Presentation
Class 29. Student presentations.
Class 30. Student presentations. First draft of paper due at midnight.

Exam Week
Friday. Final paper due at midnight.
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