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What do | do with my science degree?

a few things...

* BS In Physics from Texas; MS & PhD in Physics
from Georgia Tech; Postdoc Physics Education at
CU-Boulder

» Copy shop manager; Kinko's (later, Fedex)

* High school physics teacher; Atlanta Public Schools

* Professor of Physics and Computational Science at
MSU and UIO

Danny Caballero

dannycab

2 13 followers - 2 following

» Co-direct two research labs at MSU (in Physics &
Computational Science Education)

alm Michigan State University Y East Lansing, MI

Since November 2011 ¥ @physicistdanny

* Labor Organizer and Negotiator for Union of Tenure © ©
System Faculty-MEA

IIT UNION OF TENURE
OI" SYSTEM FACULTY




What 1s science?

The Schentiig Method Science is a messy, iterative, and nonlinear

process by which we develop reproducible

and predictable understandings of the natural
world.

» Science Is grounded In history,
theory, experiment, and application.
Science can be independently

b
AR

Analyze your data
and draw
a conclusion

validated and its biases can be
Interrogated.

Science affects every person in and
outside the U.S.




supernova remnant - cassiopela a

https://www.nasa.gov/mission_pages/chandra/multimedia/exploring-cassiopeiaA.html
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aurora borealis over oslo

https://www.flickr.com/photos/65218245@N00/326627830

science can explain
natural phenomena
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Undulated rupture destruction destruction
vortices

natural transition to turbulent flow

https://www.flickr.com/photos/22493175%40N02/50000447596
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f=1.9Hz

science can satisfy
taylor-couette cylinder & transition to turbulence human curiosity

f=1.6Hz Beginning of

Abdelali, A., et al. Journal of the Brazilian Society of Mechanical Sciences and Engineering 41.6 (2019): 259.






talent is everywhere

axioms
science Is for everyone

science can be an immense public good
science must be representative of everyone

opportunity isnt

implications
everyone can develop a positive stance towards science

anyone can develop a deep understanding of science
anybody can shape the work and practice of science

PERL our labs discover, design, and develop the
conditions and environments in which all folks

7 eMSU who are learning science can thrive CERL@MSU




a science that I1s more

representative of and
responsive to society

a soclety that deeply
values and strongly
supports science




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. > 75% of MSU students

Few women and students of color earn STEM degrees. are Michiganders.




our educational systems are interconnected not isolated
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. Federal funding for science and
- engineering research has .. 2
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-®- Billions of current dollars =#- Billions of 2017 constant dollars

federal funding for research

o
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All other agencies ! DOD
3.8% ($1,845 million) 11.8% ($5,755 million)

DOE
4.3% ($2,117 million)

3.9% ($1,896 millitin)

Where does
that $50B go?

HHS
57.6% ($28,200 million)

Only public iInvestment can support the scale and scope of innovation the nation needs.

Science funded by the public must serve the public good.

https.//ncses.nsf.gov/pubs/nsf25341



Integrating computing in physics

research faculty learning communit

Recognition Debugging Resolution

Login | Register
ifti i i : ) < artnership for Feedback ‘
Shlftlng perceptlons Of Iearnlng & ﬁ) P I U rnt:gratiznp(:fComputation — %m

into Undergraduate Physics

Exercise Sets Faculty Commons Resources Community Events About PICUP

Less
Strategic

» A Rigid Three-bar Pendulum

A Rigid Three-bar Pendulum

Developed by E. Behringer - Published July 31, 2016

Computation as a tool

This set of exercises guides the student in exploring computationally the behavior of Download Exercises - Word
a physical pendulum consisting of three bars. It also requires the student to
generate, observe, and describe the results of simulating the rotational motion for
different configurations of the pendulum. The numerical approach used is the half-
step approximation (a modified Euler) method. Please note that this set of

Did you have to edit this material to fit your

computational exercises can be affordably coupled to simple classroom experiments with meter sticks. needs? Share your changes by

Subject Area  Mechanics Creating a Variation

Physics Computational Literacy

Learning physics via computation

Level Beyond the First Year

Available Implementation  Python edits and Licensin Y SR
-
Learning Objectives  Students who complete this set of exercises will be able to X .
E. Behringer, "A Rigid Three-bar > T
. - . — . Pendulum," Published in the PICUP -
» express an equation predicting the period of small oscillations in terms of A
dimensionless ("scaled") variables suitable for coding (Exercise 1); o el AN 20 N
Cognitive Physics domain Computational domain Material i . o . ‘ h
Computational (Practices, knowledge, (Practices, knowledge, Computational produce bgth contour pl?ts and 1D plots of the period of small oscillations versus The inswcmr materials are ©2016 E.
Literacy and beliefs) and beliefs) Literacy . scaled variables (Exercises 1 and 2); Behringer.
Narrow prog rammi ng derive the equation of motion for the pendulum (Exercise 3);
ati " del th i fath b dul ith d . i The exercises are released under a
computationally mo .e t.e n.m ion o. a ree-} ar pendul l{m with damping using Creative Commons Attribution-
the half-step approximation integration algorithm (Exercise 4); e s e e e
produce graphs of the computational solution, i.e., of the angular position versus
time, for different geometrical configurations of the pendulum (Exercise 4); and
assess the accuracy of the computational solution by comparing it to the
analytical solution for small oscillations and no damping (Exercise 5). BY NC SA
Obsniuk, Irving, Caballero, PERC 2015 _
Social domain (Practices, knowledge, and beliefs) . Caba//EI’O, Et a/ TPT 5 7 6 20 7 9 5 39 7'399
— Pawlak, Irving, & Caballero, Phys. Rev. PER, 2020 .
Social Computational Literacy dd k d b II h gOpICUp. Org
Odden, Lockwooa, Capallero, Phys. Rev. PER, 2019
F13 S14 F14  S15 F15 S16 F16  S17 F17  S18 F18 S19 F19  S20 F20 S21 F2X

communitly engagement v, Mech. EEEEEEEEEEEEE
S T T T T T T

E’E} Effective Practices E @ A /gf Q CMSE 201~ - -

|
for Physics Programs
Lac by the Amarican Physica. Soclety in ccllaboration witn the American Assoclation of Physkcs Guide Get Map Your F“)grd.”‘b HE[[) & seard] e p a r e — W I e M Od ern PhyS. - - - -
Teachers Overview Started Goals Community | I I I l

Quantum 1
Home - Guide Overview - Computational Skills

Guide to Computational Skills Qus;;: T 5

E&M 2
Caballero & Hjorth-Jensen, 2018 Stat. Mech. B B B B

Version 1. January 29,2021 2 Contributors and Reviewers

Description Benefits Effective Practices Programmatic Assessments Resources Evidence Glossary




CO m p u t at I O n a I m O d e I Select Demographic Race Discourse dimension Student Talk (Type)

Option Explanation

Ml Asian [llBlack [l Latinx [l Native [l White [l Mixed EQ U I P An a IyS I S

Small Group #2 - 9/18 - 2018-09-18 (n = 38) Small group #1 - 9/15- 2018-09-15 (n = 46)

computational representations oo 55

=15, 39.5%)

(n=9, 23.7%)

( =7, 18.4%) ( =7, 18.4%)

( =8, 17.4%) (n=8, 17.4%)

o @ computational representations

Education

equip.ninja
t eacC h er Christensen, et. al. TPT 60.6 (2022): 414-418.

developed
computing
activities

Activity Information

Learning Goals

 Create and modify a computational model to describe a given system
» Use Newton’s second law to relate the acceleration of a marshmallow with the forces acting on it (HS-
PS2-1)

Willison, et al. 2022 PERC Proc.
https./www.msuperl.org/wp/icsam/ Stroupe, David, et al. ICLS 2022.
Weller, et al. Phys Rev PER 18.2 (2022): 020106. Hamerski, Patti C., et al. Phys Rev PER 18.2 (2022): 020109.



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

diversifying graduate physics programs B

potential physics phd applicants we now use a holistic rubric

Most common rubric score
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— Young, Verboncoeur, Lam, and Caballero Phys Rev PER 19.1 (2023): 010134.
= B | Young, Tollefson, Zegers, and Caballero. Phys Rev PER 18.2 (2022): 020140.
il d p p I Ican t S Young and Caballero. Phys Rev PER 17.1 (2021): 010744.
Mikkelsen, Young, and Caballero. Phys Rev PER 17.1 (2021): 010109.



a science that I1s more

representative of and
responsive to society

a soclety that deeply
values and strongly
supports science




Since Jan 20, 2025 the Trump administration has
strategically dismantled science and science education
funding across programs, at different schools, and for all
states.



The Trump administration is not awarding
grants, cancelling programs, firing experts,
Installing unqualified & unserious people, and
using coercive tactics to push compliance.

Number of New NSF Grants (Cumulative)

last year

Cumulative New NSF Awards
8
b=
|

National Science Foundation grant funding through May 21

10-year average This year
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Education
Computer

Scence Science: NSF halts grant Nature: NSF stops awarding
awards while staff do new grants and funding
second review (April 16) existing ones (May 1)

Biology Math, physics and
chemistry Engineering

Terminated grants are twice a likely to impact women, four
Social siences Technology to fives times as likely to impact researchers of color.

Geosciences

$2 billion $989 million Canceled funding from in-progress grants

TheUpshot Math, physics, chem.

Trump Has Cut Science Funding _
. Computer science
to Its Lowest Level in Decades Social sciences

Technology

Geosciences

Engineering

The impact is felt across all areas of science.




~ U.S.National

% Science Foundation

MICHIGAN

FY 2023 Fast Facts

i

$48,717,000 $8,837,000

Invested in STEM Invested in Michigan
Education in Michigan Businesses

S

$262,641,000 $205,630,000

Total NSF Awards Invested in Fundamental
to Michigan Research in Michigan

Top NSF-funded Academic Institutions for FY 2023

Michigan Technological
University

$15,188,000

Michigan State University

$66,196,000

University of Michigan

$132,296,000

NSF By The Numbers

The U. S. National Science Foundation (NSF) is an $9.06 billion independent
federal agency created by Congress in 1950 to promote the progress of D‘D YO

science; to advance the national health, prosperity, and welfare; to secure the KN OW®
national defense. NSF's vital role is to support basic research and researchers
who create knowledge that transforms the future.

oo o
Funds research,

S=T

$9.06B

FY 2024
Total Enacted

NSF has funded the
work of 261 Nobel Prize
winners over 75 years.

. & o0
cducationand AR fa &9
1.9K 353K

ﬁ7 1 1 K People

_ Institutions
Awards

(=0J

*Data represents FY 2023 Actuals unless otherwise indicated

This administration’s politicization of
science Is Intentional and short-sighted.

NSF grant terminations disproportionately affect Democratic districts

Unprecedented National Science Foundation grant terminations by the Trump administration, part of a major
restructuring and budget cuts, are impacting scientific research and education. As of 11 May 2025, 1464
grants, totalling $1.1B, were cancelled without appeal. Data, crowdsourced by Grant Watch due to lack of
official release, shows funding lost aggregated per congressional district by party.

$20.6M
$17.7M $18.1M ‘ l
‘ A

AL

i

!
| $26.9M 1 Li i

B %111 Non-voting districts
o SPm3OM
$786.9M

Sources: Grant Watch, Data.gov & The Downballot - Graphic: Georgios Karamanis

The state of Michigan has lost $28M in federal grants so far.
Real jobs have been lost and will continue to be.




An unprecedented attack on science and technology
centers that has nothing to do with waste, fraud, or ab U A

$10B -

Program and Financing (in millions of dollars)

Identification code 091-1100-0-1-503 2024 actual
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Obligations by program activity:
Research, development, and dissemination

Statistics
Regional educational laboratories
National Assessment
National Assessment Governing Board
Research in special education
Statewide longitudinal data systems 49
Special education studies and evaluations 12
mm Dl piagranmictiidy [RegraisAdmnisigiionn...on...on.. ou = o m=..=. =..-..-
Undistributed 600 124

Total direct program 793 261
Total direct obligations 793 261

Total new obligations, unexpired accounts 793 261

75% of IES budget to discretionary funding
House to cut total by 70% ($56OM)

Focused Programs
Advancing Informal STEM Learning (AISL)
ADVANCE
Alliances for Graduate Education & the Professoriate (AGEP)
AGEP Graduate Research Supplements (AGEP-GRS)
Broadening Participation in Biology Fellowships

) . |
Broadening Participation in Engineering (BPE) d - ~ 3 0 b r O a d e n I n
Career-Life Balance (CLB) . -
Centers of Research Excellence in Science & Technology (CREST) X -

CISE Education and Workforce 9 y -

CISE Graduate Fellowships (CSGrad4US) -

CISE-MSI Research Expansion Program u u u

Disability and Rehabilitation Engineering (DARE) C n *
Eddie Bernice Johnson INCLUDES Initiative (INCLUDES Initiative) a r I I a I O

Enabling Partnerships to Increase Innovation Capacity (EPIIC)

Excellence Awards in Science & Engineering (EASE)

ExpandAl

ExpandQISE

Growing Research Access for Nationally Transformative Economic Development (GRANTED)

Improving Undergraduate STEM Education (IUSE): CUE Program
IUSE: Hispanic Serving Institutions (HSI) Program
Louis Stokes Alliances for Minority Participation (LSAMP)

SBE Build and Broaden

SBE Postdoctoral Research Fellowships-Broadening Participation (SPRF-BP)
Science of Broadening Participation

Tribal Colleges & Universities Program (TCUP)

*by federal statute NSF must work to broaden participation across science

Largest cut In
history for NASA;
S12B of investment
will be gone.

- - |
HBCU Excellence in Research (HBCU-EIR) . .
Historically Black Colleges & Universities Undergrad Prog (HBCU-UP) . {
MPS Ascending Postdoctoral Research Fellowships (MPS-Acend) . -
MPS Partnerships for Research & Education . -
NSF Scholarships in STEM (S-STEM)(H-1B)’ z [112.85]]
Research and Mentoring for Postbaccalaureates in Biological Sciences (RaMP) - - u

- NASA science funding
—e— 2026 White House proposal

e | e | L A A e | | | | B U | S | |
1980 1990 2020 2030

SOURCE: NASA BUDGET JUSTIFICATIONS, FYS 1980-2026 ? THE PLANETARY SOCIETY

Science graduate and postdoc
programs are being cut (FY26)

FY 2024 Change over
Current FY 2024 Current Plan
Plan (TBD) Request| Amount Percent
Fellowshipsandscholarships | sar2;2| | wierzz| sa0530 _ eaew

CyberCorps®: Scholarship for Service (SFS) 63.00 21.71 -41.29 -65.5%
Graduate Research Fellowship Program (GRFP) 284.52 127.29 -157.23 -55.3%
NSF Research Traineeship (NRT) 58.00 - -58.00 -100.0%
NSF Scholarships in STEM (S-STEM) (H-1B)’ [144.41] [112.85] [-31.56] [-21.9%]
Robert Noyce Scholarship (Noyce) Program 67.00 18.22 -48.78 -72.8%
Posdoconitrogams T wewl T we] s o
Astronomy and Astrophysics Postdoctoral Fellowships

Engineering Postoctoral Fellowships (eFellows)

Entreprenural Fellowships

Geosciences Postdoctoral Fellowships

Mathematical Sciences Postdoctoral Research Fellowships

MPS ASCEND Postdoctoral Research Fellowships

Postdoctoral Research Fellowships in Biology (PRFB)

SPRF-Broadening Participation

SPRF-Fundamental Research

STEM Education Postdoctoral Research Fellowships

swss| | wiam] swannerew



Implications

The “brain drain” i1s happening

* Other countries are actively recruiting U.S.-trained talent.

» We are dismantling the very programs that train the next generation.
* The U.S. Is facing a historic decline in its scientific workforce.

* America’s leadership in science and innovation Is at risk.



What can you do?

Thank you for coming tonight. It's an important start.

o Sit with this iInformation and reflect

« Learn more about the impact of funding cuts (grant-watch.us)
* Read about the house budget’s impact on science (science.org)

e Show up to support science (standupforscience.net)

 Call or write your representatives (democracy.io)

 Talk to your family and friends (we all benefit from strong science)
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http://grant-watch.us
http://science.org
http://standupforscience.net
http://democracy.io

;questions? PERL
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caballero@pa.msu.edu ﬁ ME ; l ’ e
p e rI Nn at SCL.MMSUu. ed L ; iF COMPUTING EDUCATION RESEARCH LAB

msu-cerl.github.io

Danny Caballero

dannycab

2 13 followers - 2 following

pim Michigan State University Y East Lansing, MI
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