
Data Analysis and Machine Learning 
Education in the Physics Department 

at the University of Illinois

Mark Neubauer
University of Illinois at Urbana-Champaign

APS DSECOP Workshop June 23, 2022



Origins of my DS/ML course in Physics
The idea for developing a course in data analysis and 
ML applications for our undergraduates grew out of 
townhall discussions ~6 years ago in our department
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● At the time, there were no such courses in our 
Physics department (now there are several)

● Data science was on the rise, especially driven by the 
revolution around machine learning

● Students recognize the high value of training at the 
intersection of data science, AI and physics

I pitched this new course in 2017 at our PAB meeting & 
taught in Fall 2018, Spring 2019, Fall 2019, Spring 2022



PHY 398MLA 
Data Analysis & ML Applications for 
PhysicistsTopical focus:

● Techniques for analysis and 
interpretation of scientific data

● Machine learning principles 
and applications to physics
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Technical approach:
● Open everything
● Minimize coding focus: Data Science to advance Physics is the goal 

Course website: http://illinois-mla.github.io/syllabus

http://illinois-mla.github.io/syllabus
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Course website: http://illinois-mla.github.io/syllabus

http://illinois-mla.github.io/syllabus


PHY 398MLA 
Data Analysis & ML Applications for 
PhysicistsWhy do this in Physics?

● Data science is an exploding area both 
academia and industry
○ E.g. we find that many problems in 

physics map to vision problems 
amenable to automation via ML 
methods

● Many of the future (and current) jobs 
will be in this area
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Course website: http://illinois-mla.github.io/syllabus

● Physics students need a solid foundation in data analysis & interpretation 
to do research. They need this education and training to be productive in 
science and thrive as the next generation of leaders

http://illinois-mla.github.io/syllabus
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Course website: http://illinois-mla.github.io/syllabus

http://illinois-mla.github.io/syllabus
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http://illinois-mla.github.io/syllabus
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Course website: http://illinois-mla.github.io/syllabus

PrairieLearn is an online problem-driven 
learning system for creating homeworks 
and tests

● Developed by the University of Illinois 
in 2014

http://illinois-mla.github.io/syllabus


PHY 398MLA 
Data Analysis & ML Applications for Physicists

9DSECOP Workshop / June 23, 2022

Course website: http://illinois-mla.github.io/syllabus

PrairieLearn Workspaces 
allow students to work in 
persistent remote containers 
via in-browser frontends 
such as VS Code and 
JupyterLab. 

Workspace questions are 
integrated with the standard 
PrairieLearn autograding 
pipeline.

The remote containers are 
configured by instructors to 
provide custom, uniform 
environments per question. 

http://illinois-mla.github.io/syllabus
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Course website: http://illinois-mla.github.io/syllabus

Docker container: 
https://github.com/illinois-mla/phys-398-mla-image

http://illinois-mla.github.io/syllabus
https://github.com/illinois-mla/phys-398-mla-image
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http://illinois-mla.github.io/syllabus
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Some challenges:
● Coding is new for many students. Many are unfamiliar with Python, Git, 

Jupyter notebooks, etc … → provide ample resources/examples
● Challenge to keep notebooks working over years (e.g. TF API changes, …) 

and the software packages/tools current
● Modules for physics applications (thanks to DSECOP Fellows!)
● Access to GPU resources for training deep neural network models 
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Course website: http://illinois-mla.github.io/syllabus

Work in progress:
● Developing an advanced version for 

MEng in Instrumental Physics @ Illinois

https://a3d3.ai

http://illinois-mla.github.io/syllabus
https://a3d3.ai

