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Who invited this science educator to my AI conference?
Blame John

• Professor of Physics and Computational Science 

• Co-direct two research labs (in Physics & 
Computational Science Education) 

• PhD in Physics from Georgia Tech; Postdoc 
Physics Education at CU-Boulder 

• Former high school physics teacher; Atlanta 
Public Schools 

• Current Labor Organizer for Union of Tenure 
System Faculty 

• Taught at MSU for 12 years.



Why do I think John invited me?
Not just to catch up…

3 research efforts in 
science education

decade-long national effort to 
integrate computing into physics 

computing across the physics program 
at MSU and in area high schools

I like helping people think about and solve 
big problems in science education



Why do I think John invited me?
Not just to catch up…

Big problem?
What is the relationship between education in science and artificial intelligence? 

This is not a presentation of the ways we can or should use AI in education; it’s framing the issue.

3 research efforts in 
science education

decade-long national effort to 
integrate computing into physics 

computing across the physics program 
at MSU and in area high schools

I like helping people think about and solve 
big problems in science education



Artificial Intelligence has “arrived”
And it will “disrupt” education



What is being discussed?
AI has several potential benefits

• Personalized Learning 

• Supporting Educators & Reducing 
Administrative Burden 

• Enhancing Student Engagement  

• Improving Learning Analytics 

• Expanding Access to Education 

• Supporting Students with Different Needs 

• Enhanced Collaboration & Communication

Benefits
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Administrative Burden 

• Enhancing Student Engagement  

• Improving Learning Analytics 

• Expanding Access to Education 
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Benefits
• Algorithmic Bias & Automating Inequality 

• Dehumanization of Education 

• Threats to Academic Integrity 

• Data Privacy & Security 

• Deprofessionalization of Teaching & Job 
Losses 

• Over-reliance on Technology 

• Ethics Issues & Lack of Transparency

Concerns
& numerous concerns:



Framing the AI issue
Three frames 

Technological Solutionism: 
tech can provide the necessary 
solutions 
• dealing with issues of scale 
• addressing funding & efficiency 
• emphasize personalization  
• take advantage of new tech 

Sal Khan, Clayton Christensen, 
Sugata Mitra, Eric Hanushek, 
Michelle Rhee, Daphne Koller, 

Sebastian Thrun
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Human-centered Education: 
social relationships are 
paramount 
• emphasize critical thinking  
• leverage experiential learning  
• promote socioemotional 

development  
• center humans in tech 

John Dewey, Nel Noddings, 
Seymour Papert, Andrea DiSessa, 

Pasi Sahlberg

Education as a tool for Justice  
education is a political act of 
liberation 
• promote diversity & equity 
• emphasize social justice and 

liberation 
• educational systems 

perpetuate inequality 

Paulo Freire, bell hooks,  
Henry Giroux, Ruha Benjamin, 

Gloria Ladson-Billings,  
Angela Valenzuela
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Rapid development
Development is too rapid for education research capacity and pace

Bai, Liu, and Su, Brian-X, 2023

20+ 
years

Timescales are decadal

Odden, Marin, and Rudolph, 
Science Education, 2021



STEM 
Jobs

K-5

6-8

9-12

Uni.

Grad

TYC



STEM 
Jobs

K-5

6-8

9-12

Uni.

Grad

TYC

There’s feedback in the system



STEM 
Jobs

K-5 6-8

9-12 Uni.

Grad

TYC

Research & 
Development 
Contexts



What is the relationship 
between education in 
science and artificial 
intelligence?



EDUCATION 
RESEARCH

CLASSROOM 
INSTRUCTION

Let’s use the integration of computing in physics courses as a model of change.



The Work of 
Science
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puting

Computing  
is how  
science  
is done.



Computing in physics is:
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physical problem.
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Train students to solve physics 
problems with python

Using the computer as a tool to model, 
to simulate, and / or to visualize a 
physical problem.

Categorize mistakes

Computing in physics is:

2012



Overlapping practices, 
knowledge, and 
beliefs

Computational Literacy 
involves cognitive, material, 
and social literacies

Requires further R&D



PCL is a model that informs 
activity development & 
pedagogy

Odden and Zwickl, ArXiV, 2024

Twelve years have 
past between this 
paper and the first.



Who teaches computing in physics?

Caballero & Merner, Phys. Rev. PER, 2018
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No prevalence 
differences  

between intro & 
advanced courses
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But “who” teaches computation?

Computational physics is hard to teach in the classroom.
My department rewards me for teaching computation.
Computation allows me to bring new physics into the classroom that I 
otherwise couldn't. 
…

Rate on a scale of 1 (Strongly Agree) to 7 (Strongly Disagree)

Young, et. al. Phys Rev. PER, 2019

Sample was 
biased towards 
enthusiastic 
educators





Map of Verified Educators in the US



gopicup.org

http://gopicup.org
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Colleges & Universities

Physics Department

Physics Course

Class Meeting

Class Activity

Specific 
Task



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

Projects and Practices 
in Physics



F13 S14 F14 S15 F15 S16 F16 S17 F17 S18 F18 S19 F19 S20 F20 S21 F2X

Intro. Mech.

Intro. E&M

CMSE 201*

Modern Phys.

Class. Mech. 1

Quantum 1

Quantum 2

E&M 1

E&M 2

Stat. Mech.

Use of computational environment (e.g., plotting)

Instruction in computation (some sections)

Instruction in computation Not offered

Timeline of 
Integrating 

Computation 
at MSU

Ty
pi

ca
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rs

e 
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og
re

ss
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n

Spring 2016 
Department votes to integrate 
computing across the program.



https://www.aapt.org/resources/upload/aapt_uctf_compphysreport_final_b.pdf

What should students know and 
be able to do with computing in 
physics?

Computational Physics Skills  
Translate a model into code  

Subdivide a model into a set of 
manageable computational tasks 

 
Technical Computing Skills 

Process data 
Represent data visually 

 
Computational Tools 

Spreadsheets 
MATLAB, Mathematica 

Python, C, Fortran



2021 PICUP Virtual Capstone Conference 
Report

2021 PICUP Virtual Capstone Report

• Better defined learning goals for 
computation in each course. 

• Development and testing student 
assessments 

• Developing and testing department-
wide integration 

• Expanding number and diversity of 
departments and faculty

“Directions for the next decade”

https://www.compadre.org/picup/events/pdfs/2021_PICUP_Capstone_Report_Final_Final_220502.pdf



https://ep3guide.org/

EP3 Guide for 
Departments

Shared effective 
practices for physics 
programs to adopt

Departments should strive to: 
• Establish goals and a plan for providing students with computational skills 
• Integrate opportunities to develop computational skills into the curriculum 
• Provide students early and continuing opportunities to learn and apply computational skills 
• Communicate the value of computation in physics and for a broad range of careers



Conference May 2–5, 2019                                    1

Advancing Interdisciplinary 
Integration of Computational 

Thinking in Science
!"#$%&'($%)*+($,-../0/$1"23($!4

!"#$%&%#'%()%*"&+
!"#$"%&'()()
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Integration of computation must emphasize values native to the 
discipline in which computing is being integrated and 
demonstrate a clear alignment with existing standards

Educational leaders need to recognize that relevant 
computing content differs across the sciences, ruling out 
a “one size fits all” notion of integrating computing in 
science.

Diversity, Equity and Inclusion must be built into all efforts to 
integrate computation with science education.

K-12 teachers need sustained professional development and 
support to learn and teach science while leveraging computing.

Research is needed to understand and assess computational 
integration. There are relatively few theories of how computation 
impacts science learning. There are also very few useful 
assessments for charting progress.

2019 K12 Computing in 
Science Visioning Report

https://www.aapt.org/Resources/upload/Computational_Thinking_Conference_Report_Final_200212.pdf



Integrating Computing in Science Across the Mitten

Create a computational model to 
calculate…

Use mathematical and/or computational 
representations to support explanations 
of factors…

Use mathematical or computational 
representations to predict the motion…

https://www.michigan.gov/mde/services/academic-standards



Weeklong Summer Camp for High 
School Teachers 
• Introduce computing 
• Develop materials 
• Grow community 
• Focus on equity 

Return to MSU 
• Addressing problems of practice 
• Community building

ICSAM Workshop

https://www.msuperl.org/wp/icsam/



Weeklong Summer Camp for High 
School Teachers 
• Introduce computing 
• Develop materials 
• Grow community 
• Focus on equity 

Return to MSU 
• Addressing problems of practice 
• Community building

ICSAM Workshop

Many teacher-developed materials!

https://www.msuperl.org/wp/icsam/



ICSAM is also a research lab



Seemingly necessary but not sufficient conditions for change
How was this effort to integrate computing in physics done?

• Define goals and scope collectively 
• Build professional development and community 
• Respect institutional factors and diversity 
• Acknowledge the complexity of the problem 
• Collect data on experience and progress 
• Share successful cases openly and transparently

Must happen in 
disciplinary contexts

Needs scientists, educators, 
& ed. researchers



Computational science: 
using computers to 
analyze and solve 
scientific and 
engineering problems. 
• Computer Science focuses on 

the science of computing 
• CMSE focuses on computing to 

do science

BS, MS, and PhD granting department



We teach computational and data science



Introductory Computational Science
Learning Goals for CMSE 201

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. 

For any STEM major - pre-req: Calculus 1

Courtesy of Devin Silvia



Integrated Progression
Modeling, Context, and Programming work together

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



Two Concerns (for now)

The Use of AI in CMSE classrooms
Educating students for  
a world with ML & AI



Framing the AI issue
No single frame is used exclusively in practice. All have value in context.

Technological Solutionism: 
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• emphasize personalization  
• take advantage of new tech 

Sal Khan, Clayton Christensen, 
Sugata Mitra, Eric Hanushek, 
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Human-centered Education: 
social relationships are 
paramount 
• emphasize critical thinking,  
• leverage experiential learning  
• promote socioemotional 

development  
• center humans in tech 

John Dewey, Nel Noddings, 
Seymour Papert, Andrea DiSessa, 

Pasi Sahlberg

Education as a tool for Justice  
education is a political act of 
liberation 
• promote diversity & equity 
• emphasize social justice and 
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science and artificial intelligence? 
we need more research, but we have some questions to start

How do we engage a broad cross-section of scientists in this work?

How do we engage students in 
discussions about AI, ethics, and 
justice?
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use AI productively for learning?

How do students develop an understanding of 
and relationship with AI in science classrooms?

How does teaching students 
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inequities in science learning?
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Final Takeaways

• It’s important that we engage with AI and science education.  
It will require an authentic and collective effort. 

• It’s essential that we design for AI in science classrooms.  
The future of science appears to demand it.

• It’s gonna be a lot of work.  
But a lot of fun, too.



Thank 
you!



Questions? 
caballero@pa.msu.edu 
dannycab.github.io

And thanks to our sponsors

mailto:caballero@pa.msu.edu
http://dannycab.github.io

