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Outline

• Give a brief background of the program redesign at CU Denver.

• Demo the course materials (and tour Google Colab).

• Provide access to the materials. 

• Share observations about using the materials in the classroom.



“What would you like to see improved in our program?”

• “The improvement that the mathematics major desperately needs is a heavier focus 
on coding in python and R. … There absolutely needs to be a required in department 
coding course that goes over the fundamentals of python and R.”

• “Maybe an intro to Python class or something. My only exposure to Python in the 
math department was through Math Clinic and that goes 0-60 faster than a sports car.”

• “Integrate coding into earlier courses. I hadn't learned python from any course and was 
expected to use it in Math Clinic for an extremely challenging project. The best course 
experiences I had were courses in which coding played a large role.”



Initial Courses Targeted
• 4000/5000 levels

• Applied Regression Analysis (Year 1, R)

• Machine Learning Methods (Year 2, Python)

• Partial Differential Equations (Year 1, Python)

• Numerical Analysis I (Year 1, Python)

• 3000 level

• Linear Algebra (Year 2, Python)

• Data Wrangling and Visualization (Year 0, R)

• Elementary Differential Equations (Year 1, Python)

• Statistical Theory (Year 2, R)

• 1000/2000 level

• Intro to Prog for Data Science (Year 0, Python)

https://github.com/CU-Denver-MathStats-OER

https://github.com/CU-Denver-MathStats-OER


Project Motivation and Vision

• Creation and dissemination of free knowledge.

• Equip students with knowledge & skills necessary to 
compete in a global marketplace.

• Train students as “mathematical experimentalists” across 
multiple levels of math, data science and statistics curricula.

• Utilize “virtual laboratories” to enable an active 
computational learning environment.



Experimenting with Mathematics

The objectives of experimental mathematics are generally to make 
mathematics more tangible, lively and fun.

• Discover patterns and relationships.

• Using graphical displays to investigate mathematical concepts.

• Developing and testing conjectures.

• Exploring results to help construct proofs.

• Confirm analytically derived results.

• Gain insight and intuition.

• Bridge the divide between theory and practice.



Jupyter, Equity in Computing, and Colab

Equity in Computing

We want to ensure the computing technology and educational resources we 
develop are accessible and usable no matter the socioeconomic circumstances 
of the user or institution.

Jupyter
• is free software for interactive computing.

• supports over 40 programming languages including Python, R, and Julia.

• is a dynamic environment to weave together narrative text, executable code, 
widgets, videos, and more.

Google Colaboratory (Colab)
• is a free cloud-based version of Jupyter that any institution or user can utilize.

• levels the playing field and reduces barriers to access.

https://jupyter.org/

https://colab.research.google.com/

https://jupyter.org/
https://colab.research.google.com/


What's novel about our approach?

Provides instructors and students an environment to weave together narrative text, 
executable code, interactive visualizations, and/or videos all in one document.

Materials are FREE! No additional technology required. Course materials are 
delivered in Google Colaboratory, a free, cloud-based application. 

The flexibility to design materials for a variety of course formats.

Create a dynamic learning environment to bridge the divide between theory and 
practice.



Structure of the course

• Math, Engineering, Economics and Physics students

• No prior programming experience needed (or required).

• 40% Math BS students first generation.

• 58% Math BS students transfer students.

• Class met twice a week for 1 hr 15 min each class.

• Students watch short video with quiz prior to each class.

• Active learning working in groups for much of the class time.

• The technology requirement is a tablet/computer/phone 
that can connected to the internet.



Accessing Differential 
Equations Materials

HTML text: 

https://aspiegler.github.io/Exploring-Differential-Equations/

GitHub:

https://github.com/CU-Denver-MathStats-OER/ODEs

https://aspiegler.github.io/Exploring-Differential-Equations/
https://github.com/CU-Denver-MathStats-OER/ODEs


https://githubtocolab.com/CU-Denver-MathStats-OER/ODEs/blob/main/Chp1/01-What-is-a-Differential-Equation.ipynb

Static HTML Text
Interactive Colab Version

Editing Text Cells

https://githubtocolab.com/CU-Denver-MathStats-OER/ODEs/blob/main/Chp1/01-What-is-a-Differential-Equation.ipynb


https://githubtocolab.com/CU-Denver-MathStats-OER/ODEs/blob/main/Chp2/13-Mass-Spring.ipynb

Including Images in a Colab Text Cell

https://githubtocolab.com/CU-Denver-MathStats-OER/ODEs/blob/main/Chp2/13-Mass-Spring.ipynb


Embed Videos in Colab

https://githubtocolab.com/CU-Denver-MathStats-OER/ODEs/blob/main/Chp2/13-Mass-Spring.ipynb

https://githubtocolab.com/CU-Denver-MathStats-OER/ODEs/blob/main/Chp2/13-Mass-Spring.ipynb


Using Code Cells in 
Colab

Lab 1 Student 
Introduction to 
Python

https://githubtocolab.com/CU-Denver-MathStats-OER/ODEs/blob/main/Chp1/01-What-is-a-Differential-Equation.ipynb

https://githubtocolab.com/CU-Denver-MathStats-OER/ODEs/blob/main/Chp1/01-What-is-a-Differential-Equation.ipynb


Using Code Cells to Solve a 
First Differential Equation



Interactive Experiments 
with Harmonic Oscillators

Python Modules for 
Experimenting with 
Differential Equations



Phase Plane Plots in Colab

Python Modules for 
Experimenting with 
Differential Equations



Sample of Student Homework



Sample of Student Homework



Sample of Student Homework



Sample of Student Homework



Student Feedback

The integration of python was a 
really great learning experience. I 
also really appreciate the use of 
the OER, because there weren't 

any barriers to finding good 
information.

I think the CoLab notebooks were 
the most effective part. They 

were organized and they were 
easy to access.

I didn’t think I could ever 
understand how to do a 

differential equation. The notes 
are very useful and helpful to 

understand the concepts and use 
real world applications that 

aren’t cheesy or dumb.

I really appreciated the python 
notebooks, it helped give some 
real world applications to our 
problems and I also enjoyed 

learning more about coding in 
relation to diff eqs.

Coding is becoming more and 
more important and is much 

easier when every class includes 
it. Colab seems to be the way of 
the future. I prefer every course 

ask for some coding project,

Coding is cool. I think more 
coding would be beneficial. 

Definitely plan to build upon 
coding skills in the future.  



“Which 
mathematics 
course(s) do you 
feel were the 
most useful with 
respect to 
preparing you for 
a career and/or 
graduate school, 
and why?”

9 out of 18 responses in Spring 
2023 responded Math Clinic 
(more than any other course).

1 out of 18 responses in Spring 
2023 mentioned Math Clinic 
as the least useful.



Reflections

• Introduce Python to students in the first week.

• Offer alternatives to Colab for work in class.

• Let the students come to the programming on their own terms rather than force it.

• Give students the opportunity to decide how to use Python.
• More and more students opted to type up solutions in Colab.

• Students were motivated to put in the work when they understand “why”.



Thank You!

• Jonathan Hirschi and Troy Butler for help with Python 
modules.

• IODE (https://iode.sdsu.edu/) team: Chris Rasmussen, 
Karen Keene, Justin Dunmyre, and Nicholas Fortune

• Colorado Department of Higher Education and the Colorado 
OER Grant Program.

Contact: Adam.spiegler@ucdenver.edu

HTML text:  https://aspiegler.github.io/Exploring-Differential-Equations/

GitHub: https://github.com/CU-Denver-MathStats-OER/ODEs 

https://iode.sdsu.edu/
mailto:Adam.spiegler@ucdenver.edu
https://aspiegler.github.io/Exploring-Differential-Equations/
https://github.com/CU-Denver-MathStats-OER/ODEs
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