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The world is changing, and MSU needs 
to change with it.
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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 
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However…
We need to be critical of our goals, instruction, and outcomes 

• Facial Recognition in Surveillance Systems 
• Racial and Gender Bias in data & models 
• Autonomous Weapons and Targeting 
• Social Media and Polarization 
• Discrimination in Hiring 
• Discrimination in Healthcare 
• Deepfakes and Misinformation 
• AI-driven Stock Trading 
• Rogue Usage of Generative AI
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State of Michigan 
Population: 9.9 million 

Major cities (all in the Lower Peninsula):  
• Ann Arbor (University of Michigan blue/gold)

• Detroit

• Flint

• Grand Rapids

• Lansing (Michigan State green/white; state capital)

Major industries: 
1. Automobile and mobility industry (e.g., Ford, GM, and 

suppliers)

2. Advanced Manufacturing (see above + e.g., Bosch)

3. Food and agriculture (e.g., Kellogg, General Mills)

4. Freshwater technology (we touch 20% of the world’s 

surface freshwater)

5. Christmas trees (yes, seriously…it’s the fifth biggest 

industry)



Greater 
Lansing 

Area
Population: 540k

Major industries: 
• The State of Michigan

• Michigan State University

• Sparrow Health Systems

• McLaren Healthcare

• General Motors
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Located in East Lansing, MI 
Population (2022):  
48,437 permanent residents

50,344 students (39k are undergrads)

5,670 academic staff (2k tenure stream)

Founded in 1855 
Became first “land-grant” university in the USA: 1862 

Historically, and “primarily” an agricultural school

Notable programs: 
• Agriculture - consistently top 25 in world

• Communication - top 10 in world

• Nuclear Physics - top in the US; FRIB (top in world)

• Education - top in US; elementary and secondary

• DBER - wide breadth of DBER; large PER group
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STEM in Michigan
• Many students in Michigan do not achieve proficiency in 

science and math.

• Advanced STEM courses are inaccessible to many students.

• Few high school graduates demonstrate college readiness. 

• Few students who enroll in two-year colleges complete their 
degree programs. 

• Students of color and those who are economically 
disadvantaged are disproportionately affected.

• Few women and students of color earn STEM degrees.

> 75% of MSU students 
are Michiganders.



EDUCATION 
RESEARCH

CLASSROOM 
INSTRUCTION
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Challenges for an R1 school

Positive Pressures

Changes needs to scale 
~1000 students/intro course


~100 students/advanced course
Research Demand/Expectations 
Time, energy, and interest vary 
Instruction by TAs/LAs

Large, Diverse Faculty 
Time, energy, and interest vary 
Big Changes -> Big Discussion

Resourcing 
Service courses make $$$

Courses taught at “scale”

Supportive Colleagues 
inc. Dean/Chair/Undergrad Chair

Research Demand/Expectations 
Grants for Educational Transformation 

Education Research GroupsLarge, Diverse Faculty 
Diverse expertise and experience 
Strong interest in computing

State-level Investment 
New STEM Teaching Building 



msuperl.org/wikis/pcubed/ Irving, Obsniuk, & Caballero, EJP (2017) 
Irving, McPadden, & Caballero Phys. Rev. PER (2020)

Projects and Practices 
in Physics

Physical Sciences &  
Engineering majors

FUNDAMENTAL PRINCIPLES
•Forces cause changes in momentum 
•Energy is conserved 
•Torques cause changes in angular momentum 
•Macroscopic phenomenon are the result of 
microscopic interactions



Real World Model World Representation Prediction

Sample Learning Goals
• Apply the momentum principle iteratively/

computationally to predict the motion or 
determine the properties of motion/net force 
acting on a single-particle system where the net 
force is not constant (e.g., due to spring-like 
restoring forces or dissipative drag forces). 

• For a multi-particle and/or deformable system, 
use conservation of energy for the center of 
mass system to explain and/or predict the final 
state of the center of mass.

In Class Activities (two classes)Narrative  
Structure



Incorrect/missing values

Add algorithm 
and viz



Investigating Learning Assistants’  
Instructional Approaches

How do learning assistants approach 
teaching computational problems? Irving, Obsniuk, & Caballero, EJP (2017) 

Pawlak, Irving, & Caballero, Phys. Rev. PER (2020) 
Irving, McPadden, & Caballero Phys. Rev. PER (2020)



Categories of description
Category of 
Description

Utility of coding Teaching 
outcome

Characteristic 
to moderate

Teaching 
strategy

Narrow 
programming

Programming is 
an important skill

Programming 
skills

Student work 
pace

Focus on 
navigating 
programming 
errors

Learning 
conceptual 
physics via 
computation

Computation 
aids content 
learning

Physics-code 
connection

Impact of course 
design

Leverage 
affordances of 
computational 
problems

Computation as 
a tool for 
physics

Computation 
makes difficult 
problems easier

Capabilities of 
computation

Student attention 
to programming 
details

Encourage 
reflection on 
coding

Shifting 
perceptions of 
learning

Computation 
offers space for 
broader skills

A new approach 
to learning

Student attitudes Leverage 
collaboration

Pawlak, Irving, & Caballero, Phys. Rev. PER (2020)



Outcome space

Shifting perceptions of learning

Computation as a tool

Learning physics via computation
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Critical Components

• Flipped model with pre-class assignments using groups in class 

• Minimally working programs 

• Student-instructor ratios lowered to ~15:1 with LAs 

• Twice weekly LA professional development 

• Section coordination (counts as a teaching assignment)



Computational Mathematics, Science and Engineering

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

Courtesy of Andrew Christlieb

CMSE!



Computational Mathematics, Science and Engineering

CMSE vs Computer Science?

● Computer Science focuses on the science of computing

● CMSE focuses on computing to do science

Courtesy of Andrew Christlieb



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

traditional computer science classroom
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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

Courtesy of Devin Silvia
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Courtesy of Devin Silvia

For any STEM major - pre-req: Calculus 1



CMSE 201 Learning Goals
1. Gain insight into physical, biological, and social systems through the use of 

computational algorithms and tools. 

Courtesy of Devin Silvia

For any STEM major - pre-req: Calculus 1



CMSE 201 Learning Goals
1. Gain insight into physical, biological, and social systems through the use of 

computational algorithms and tools. 

2. Write programs to solve common problems in a variety of disciplines. 

Courtesy of Devin Silvia

For any STEM major - pre-req: Calculus 1



CMSE 201 Learning Goals
1. Gain insight into physical, biological, and social systems through the use of 

computational algorithms and tools. 

2. Write programs to solve common problems in a variety of disciplines. 

3. Identify salient features of a system that can be codified into a model. 

Courtesy of Devin Silvia

For any STEM major - pre-req: Calculus 1



CMSE 201 Learning Goals
1. Gain insight into physical, biological, and social systems through the use of 

computational algorithms and tools. 

2. Write programs to solve common problems in a variety of disciplines. 

3. Identify salient features of a system that can be codified into a model. 

4. Manipulate, analyze, and visualize datasets and use to evaluate models. 

Courtesy of Devin Silvia

For any STEM major - pre-req: Calculus 1



CMSE 201 Learning Goals
1. Gain insight into physical, biological, and social systems through the use of 

computational algorithms and tools. 

2. Write programs to solve common problems in a variety of disciplines. 

3. Identify salient features of a system that can be codified into a model. 

4. Manipulate, analyze, and visualize datasets and use to evaluate models. 

5. Understand basic numerical methods and use them to solve problems. 

Courtesy of Devin Silvia

For any STEM major - pre-req: Calculus 1



CMSE 201 Learning Goals
1. Gain insight into physical, biological, and social systems through the use of 

computational algorithms and tools. 

2. Write programs to solve common problems in a variety of disciplines. 

3. Identify salient features of a system that can be codified into a model. 

4. Manipulate, analyze, and visualize datasets and use to evaluate models. 

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. 

Courtesy of Devin Silvia

For any STEM major - pre-req: Calculus 1



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…

Courtesy of Devin Silvia
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A typical week in our flipped classroom

Pre-class Pre-class

In-class In-class

Homework

Courtesy of Devin Silvia



Classroom Environment

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

Courtesy of Devin Silvia



Classroom Environment

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

Courtesy of Devin Silvia









Now required for 
PA students 

Before Classical 
Mechanics 1



Critical Components

• Flipped Model with pre-class activities 

• Student-instructor ratios lowered to ~15:1 with LAs 

• Section coordination (counts as a teaching assignment)  

• Integrated approach using modeling practices, different contexts, 
and introductory programming tasks 

• All instruction is facilitated by Jupyter notebooks



Introduction to Data Science - STT180

Pre-class Pre-class

In-class In-class

Homework

Flipped Model

You will learn about: 
• data ethics,  
• how to manipulate data objects, 
• produce advanced graphics,  
• tidy and wrangle data,  
• generate reproducible statistical reports using R 

markdown,  
• the fundamentals of probability and statistics, and 
• rudimentary machine learning techniques.

Use RMarkdown

In collaboration with Patti Hamerski



Course Progression
For STEM, EGR, Econ, Business…anyone taking Calc 1

• Using R & RMarkdown; data ethics 

• Reading, manipulating, and filtering data 

• Visualizing data 

• Programming in R (skipped Spring 2023) 

• Sampling, simulation, and statistical inference 

• Linear regression, GLM, and classification tasks with ML

In collaboration with Patti Hamerski



In-class Activities

Data Ethics

Data Viz

ML

In collaboration with Patti Hamerski



Final Projects
Students synthesize their skills in a single group project

• Develop questions for 
your data 

• Generate justifiable 
claims illustrated with 
data analysis, visuals, 
and modeling 

• Present those claims 
publicly

In collaboration with Patti Hamerski
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Critical Components

• Flipped Model with pre-class activities 

• Student-instructor ratios lowered to ~15:1 with LAs 

• Section coordination (counts as a teaching assignment)  

• Integrated approach using modeling practices, different contexts, and 
introductory programming tasks 

• All instruction is facilitated by RMarkdown notebooks 

• Assessments use final projects & presentations 

• Focus on student interests



Parting thoughts

Computing education at MSU is supported by:  

• flipped classes that focus on learning through in-class activities, 

• appropriately scaffolded activities and assessments, 

• learning assistants who have weekly professional development opportunities, 

• section coordination by expert and dedicated instructional staff, 

• integrated approaches where computing is just another way of doing science,  

• constant formative assessment, and  

• summative assessments that embrace students’ interests 

🤙



Thanks, y’all



Questions?


