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General Disclaimer: What follows is ancedotal evidence from a particular teaching
experience. It is not meant to be taken as mathematics education research, and the

course was not run as a part of any formal study.
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Bulletin Description:
Definition and solution of first, second, and higher order differential equations.
Prerequisites:
Calculus II, Linear Algebra
Course Rationale:
This is traditionally a sophomore-junior level course that prepares students for the
mathematical sciences in such areas as applied mathematics, engineering, physics
and chemistry.
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Student Learning Objectives:
1 Solve first order differential equations using appropriate techniques.
2 Demonstrate familiarity with the Existence and Uniqueness Theorem.
3 Apply appropriate techniques to solve homogeneous and non-homogeneous

differential equations.
4 Solve differential equations with solutions represented by

power series.
5 Find the Laplace transform of a given function and use the Laplace transform to

solve initial value problems.
6 Solve systems of differential equations.
7 Use numerical methods to solve differential equations.

MY GOAL: And have students understand that solution in a broader context!
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Pedagogical Method

Tactic #1: “Conversational lecture”:
Lecture and guided discovery hybrid.
Driven highly by instructor and student questions.
Holistic and motivating examples.
Emphasis on creating a narrative of the mathematics and expressing formal
concepts in natural language.

Tactic #2: Project-Based Learning
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Class Survey
Mid-Semester Projects
Final Project

Why Use Mathematical Software?

Allows for quick computations,
thereby enabling a greater focus on
system analysis
Facilitates in-class instruction
Gives a tool for students to explore
material on their own
Builds students’ resumes

Why Not Use Mathematical Software?
Takes time away from...

students (less time to learn
traditional techniques and
mathematical theory)
instructors (must create supporting
material and projects)

Many students (and instructors!) are
intimidated and/or quickly frustrated
by it
Can change the focus of the course
Difficult to include in syllabus (what
has to go?)
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Why Use Python?

Versatility (used for both computer
programming and scientific
computing)
Trendy (looks particularly good on
students’ resumes)
Similarity to computer programming
and mathematical software
Cross-platform (Windows, MacOS,
and Linux)
It’s FREE!!

Why Not Use Python?

Rugged (not as “put together” as
proriety mathematical software)
Less user support
Not already available to students on
university maintained computers
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The Anaconda Distribution

Bundled Python packages (over 100
packages, including NumPy and
matplotlib)
Comes with its own package
manager called conda.
Includes Jupyter/IPython (an
in-browser notebook style front end
to write and execute Python code)
Cross-platform (Windows, MacOS,
and Linux)
Doesn’t require admin privledges to
install
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Course Materials:
Online homework system
(WebAssign)
Textbook (Elementary Differential
Equations by Boyce & DiPrima)
Mathematical Software (Python)

Assessment:
Homework 15%
Mid-Semester Projects 15%
Quizzes 15%
Final Project 15%
Midterm 20%
Final Exam (cumulative) 20%
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Mid-Semester Projects

Instructions:
Goals (“By the end of this project, you should...”)
Background information (linked to in-class material)
Exercises

To become familiar with code implementation
To make connections with deeper questions

Python Tutorial:
Guided-discovery style how-to on things students needed
Lots of explanation
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Project #1: Introduction to Python

Get comfortable
with
Jupyter/IPython
Learn the
Python basics
(operations,
variables, data
structures,
functions)
Graph
mathematical
functions
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Project #2: Numerical Methods

Write code to
implement
Euler’s Method
and learn to use
Python’s
odeint() to
solve a single
ODE
Solve and
analyze linear
and nonlinear
ODEs
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Project #3: Systems of ODEs

Learn to use
Python’s
odeint() to
solve systems of
ODEs
Draw phase
planes and use
them to analyze
linear and
nonlinear
systems of ODEs
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Final Project
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P
R
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T
ED

IS
SU

ES

little experience
with math software

no one likes
group projects

little experience
with “research”

students without
project ideas

diverse student
interests

too small or too
large of scope

AT
T

EM
P

T
ED

FIX
ES

reserve right to
change groups

mid-semester
projects

small groups
or individual

provide list of
project ideas

in-class
example(s)

proposal submitted
a month out
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Examples of Student Final Projects:
The Two Body Problem
Space Colonization
Zebra Mussel Populations
The Lorenz System
Improved Eulers Methods and Adams Method
Cooling Fin
Drugs in the Bloodstream
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Student Email

No Python prerequisite, difficult to balance with homework and exam
Worked with a friend who is a professional computer programmer, using a
different Python front end
“Intermediate” projects might help
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Student Email

Time is required to learn the numerical
technique, and then implement it in
Python
Scientific computing is not the same as
computer programming
Mid-semester project #1 covered the
Python basics, the accompanying .ipynb
file covered everything else needed
Projects help to put ODEs in a larger
context (how they are typically “solved”,
used in real life examples, etc.)
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Student Email

Looked at accompanying material and some YouTube videos
The friend’s help ended up being “more confusing”
“Getting to know Python [...] would be very helpful. I can see it being helpful in
future classes [...] and like it as part of the class.”
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Student Opinion Surveys

“Great idea with the Python projects;
they were very helpful for me
↪→ keep doing that”
“I really liked the projects in the class”
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Student Opinion Surveys

“Less projects because not everyone
knows how to code”
“Python sucks, looks cool, but sucks”
“Less projects, didn’t learn much with
no programming background”
“I would have liked to have had a
Python course before this I think I
could have gotten a lot more from the
class”
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Student Opinion Surveys

“Didn’t care for projects over exams
[...] Keep the projects but would
rather have exams as well”
“More exams, less projects”
“Too many pts awarded to projects”
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Student Opinion Surveys

“Also showing phase diagrams is
helpful”
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Victories:
Highly annotated Intro to Python
files
Well-structured projects and other
assessments
Accessibility to students (office
hours, emails, etc) for project help
Culture of learning (project
presentations provoked discussions
on deeper topics, etc)
Good for students interested in
grad school

Challenges:
Not enough course-project
integration
Attitude against the projects
(learning scientific computing,
place in the syllabus, etc)
Too broad of a final project
Difficult to grade projects
Getting through all of the
prescribed material
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Changes I Would Make...

To Non-Python Aspects:

Hybrid
Homework-Quizzes
(take home, spaced
around project
timing)
Two Midterm Exams
Other things...

To Python Aspects:
Split Mid-Semester Project #1 (into two more
detailed projects)
Python Workshop (2-3 sessions, outside of class
time for insterested students)
More Structured Final Project (with 3-4 specific
problems for students to choose between)
Utilize Project Rubrics (as a guideline for student
write ups and to help me while grading)
Address Computer Programming vs. Scientific
Computing Early On
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Foundations of Applied Mathematics Curriculum

Developled for the Applied and Computational Mathematics degree program at Brigham Young University
By Jeffrey Humpherys and Tyler J. Jarvis, Department of Mathematics
Creative Commons Attribution 3.0 United States License, available at:

https://github.com/Foundations-of-Applied-Mathematics/Labs/blob/develop/cc-by-license.txt
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Thank You!
(Patrick – davis1pt@cmich.edu)
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Project 1: Intro to Python
Background:

Screencast on how to install Anaconda
Screencast showing key parts of Jupyter/IPython

Intro to Python 1:
Using Python as a calculator
Storing values in variables and arrays
Defining Python functions
Importing NumPy and matplotlib

Exercises:
Go through Intro to Python.ipynb
Write a simple (Python) function
Graph some (mathematical) functions
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Project 2: Numerical Methods

Background:
Review of Euler’s Method (including an example with computed values)
Psuedo-algorithm of Euler’s Method

Intro to Python 2:
How to implement (for and while)
How to use NumPy’s odeint() for a single first-order ODE

Exercises:
Three initial value problems, solved with Euler’s Method and odeint()

Pros and cons of Euler’s Method and odeint()
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Project 3: Systems of ODEs
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Project 3: Systems of ODEs

Background:
Review of how to reduce higher-order ODEs to a system of first-order ODEs

Intro to Python 3:
How to use odeint() to solve systems of first-order ODEs
Finding eigenvalues and eigenvectors using NumPy
Code to generate phase planes of autonomous system of two first-order ODEs

Exercises:
Solve systems of linear and nonlinear ODEs
Analyze the respective phase plots and determine long-term behavior
Solve and determine long-term behavior of a second-order nonlinear ODE
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