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Computational Mathematics, Science and Engineering

The world is changing, and MSU needs 
to change with it.

Create a home for scientists who lead 
scientific discovery through the develop 
and use computational tools to solve the 
worlds most challenging problems.

On your desktop: 

Milky Way (China): The most powerful 
computer on the planet.

CMSE: Why? Courtesy of Andrew Christlieb
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Computational Mathematics, Science and Engineering

And thus: CMSE

Computational 
science: using 
computers to analyze 
and solve scientific 
and engineering 
problems. 
Knock down silos

Courtesy of Andrew Christlieb
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Computational Mathematics, Science and Engineering

CMSE vs Computer Science?

● Computer Science focuses on the science of computing

● CMSE focuses on computing to do science
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Computational Mathematics, Science and Engineering

CMSE’s short history: From 2014 to today

19

CMSE founded July 16th 2015
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Total Growth of CMSE 

Data Sci Comp Modeling Specialists Staff

Faculty come from 12 
traditional disciplines. 

Focus on science of 
algorithms for solving 
problems in STEM
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The Department of Computational Mathematics, 
Science, and Engineering

What about CMSE education?
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Teach computation in an applied way outside of a 

traditional computer science classroom



The challenge:
Teach computation in an applied way outside of a 

traditional computer science classroom

The solution(?):
CMSE 201

“Introduction to Computational Modeling and Data Analysis”*

*Silvia et al. 2019
ICCS 2019 Conference Proceedings
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5. Understand basic numerical methods and use them to solve problems. 

6. Synthesize results from a scientific computing problem and present it both  
verbally and in writing. 



How do we achieve these with the 
learner in mind?



Principles from “How Learning Works”
(Ambrose et al. 2010)

• To develop mastery, students must acquire component skills, practice 
integrating them, and know when to apply what they have learned. 

• How students organize knowledge influences how they learn and apply what 
they know. 

• Goal-directed practice coupled with targeted feedback enhances the quality of 
students’ learning. 

• Students’ motivation determines, directs, and sustains what they do to learn. 

• To become self-directed learners, students must learn to monitor and adjust 
their approaches to learning. 
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Integrated progression

Modeling/Data Analysis Concept Context/Application Programming Practices/Tools 

Order of magnitude estimation Varied (e.g. estimating population) Variable definiton, simple math

Mathematical representations of 
physical systems Kinematics, projectile motion Defining lists, writing loops

Evaluating the state of physical 
systems Kinematics, projectile motion Boolean logic/conditional 

statements, functions
Computing costs and optimizing 

solutions Designing a ride share service Functions, Python modules
(e.g. matplotlib)

Visualizing models Projectile motion and
population growth NumPy

Manipulating and visualizing data Waters levels of the Great Lakes Loading/reading data files,
making plots

Time

and so on…



How do we implement this?



How do we implement this?

Computational platform: Jupyter Notebooks

Course format: flipped classroom + active, collaborative learning





A typical week in our flipped classroom

Pre-class Pre-class

In-class In-class

Homework





Classroom Environment

MSU “Room for Engaged and Active Learning” (REAL) classroom



Classroom Environment



Classroom Environment

Instructor! (currently maintaining a 16:1 ratio w/LAs and TAs)



Eye on the prize!

Can they independently choose, design, and implement a project
all on their own and communicate the results?



Eye on the prize!

Can they independently choose, design, and implement a project
all on their own and communicate the results?

“Semester projects”





Can we observe and measure their 
agency

in crafting such projects?

Stay tuned for Tor’s talk after this one!
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Projected



Questions?


