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Abstract

No physics classroom is an isolated system. Our students bring their whole selves—their 
emotions, dreams, and life history—into our learning spaces, and they carry their 
classroom experiences out into the world. In this talk, we'll explore frameworks for 
helping students connect the idealized content of the physics classroom with the 
complexities of the real world. By doing so, we can empower students to become more 
critical thinkers, preparing them to navigate a world that is anything but frictionless. We'll 
examine the history of physics and how it has shaped our modern curriculum, discuss 
the structures of power and privilege that influence who participates in physics, and 
explore pedagogical approaches that foster a more inclusive and relevant learning 
environment. Join us for specific and immediately usable strategies, as well as a 
roadmap for continuing this conversation—because there is no simple solution to 
teaching physics in today's complex world.



About me

● First career in financial services
● Teaching experience in NYC and NoVA
● Affiliations

○ Curriculum Writer and former Regional Lead at STEP UP
○ Editorial Board Member at the URC
○ Co-Chair of the AAPT Diversity Community
○ Board Member and Leader at STEMteachersNYC
○ Co-Founder of STEMteachersDMV
○ Secretary of the Yale Science & Engineering Association
○ Co-Founder of Yale Alumni Educators
○ Editorial Board Member for TPT
○ Fellow Emeritus at Math for America

https://engage.aps.org/stepup/home
https://underrep.com/
https://aapt.org/aboutaapt/organization/diversity.cfm
https://stemteachersnyc.org/
https://sites.google.com/view/stemteachersdmv/home
https://ysea.org/
https://www.yalealumnieducators.org/
https://pubs.aip.org/aapt/pte
https://www.mathforamerica.org/


Outline for this talk

1. The history of physics and how it 
shaped our modern curriculum

2. The structures of power and privilege 
that influence participation in physics

3. Pedagogical approaches for more 
inclusive and relevant learning

Generated by Gemini



1. History of physics

Tell the person next to you:

A. The physics lesson or unit that you 
most love teaching

B. Where in the world and when in history 
humanity developed the knowledge 
covered in this lesson or unit

Then we’ll aggregate our data.



What we call “physics” is white and European

“The ‘European’ and ‘western’ worlds have often received credit for the 
advancement of science and the application of technology for development….It is 
as if the world is finally catching up with the realization that science and 
technology rose from the collective knowledge of the human experience….This is 
important to recognize; technological and scientific breakthroughs occurred 
independently in many parts of the world” (Paul E. Lovejoy for UNESCO).

It’s great when we physics teachers highlight diverse researchers, but be aware: 
when this is done as a one-off, and not a part of the formal physics curriculum, we 
perpetuate the same narrative. We’re telling students that all cultures are worth 
studying but only the dominant white culture produced “real” physics.



When you’re beholden to the canon…

…you still teach it, and you also help students engage critically with it!

1. Humanize physicists, so students realize they can be one too

2. Discuss the role of luck and circumstance in physicists’ breakthroughs

3. Showcase the “supporting” characters that drove physicists’ successes



Humanizing physicists

Students reported that a career as a physicist felt less lofty and 
unreachable when they learned that physicists are people too.

Isaac Newton was born prematurely and was ill as a child.  His father died three 
months before he was born.  When Newton was three, his mother remarried and 
went to live with her new husband, leaving her son in the care of his grandmother. 
The young Isaac hated his stepfather for taking his mother away from him.

Alessandro Volta showed no signs of talking until the age of 4; his family feared he 
was not very intelligent. His father died poor when Volta was seven, and his uncle 
helped raise and teach him.  Volta’s family wanted him to become a lawyer, but Volta 
wanted to be a scientist.

Galileo Galilei lost two of his 5 siblings in early childhood.  When Galileo was eight, 
the family moved from Pisa, Italy to Florence, leaving Galileo behind with a family 
friend for a few years.



Luck and circumstance

Why was it Newton who discovered Newton’s Laws? Why not someone else?

● Boris Hessen: Newton’s work was funded and socially acclaimed because of 
its political alignment with the 17th century merchant economy. Newton was 
just in the right place at the right time; someone was bound to make those 
discoveries at that time.

● Loren Graham: Be critical of Hessen’s “product of his times” argument, 
because Hessen himself was a product of his own times. “Hessen was a 
participant in a fierce Soviet debate over the relationship of the social origins 
of science to its cognitive value.”

(I gave students this graphic organizer to help them parse the articles.)

With thanks to Emma Jablonski

https://rtraba.files.wordpress.com/2015/06/v1_hessen.pdf
https://journals.sagepub.com/doi/10.1177/030631285015004005
https://docs.google.com/document/d/1h8EDKFFvSl-dLGZBUHIJ0bs0FTp9-KC8PkVbwabFaPc/edit?tab=t.0


The “supporting” characters

● The wives who meaningfully contributed to their husbands’ work and fame 
(e.g., Marie Curie, Margrethe Bohr, Mileva Marić and Elsa Einstein)

● The unnamed people whose work around the world inspired the physicists we 
see as brilliant (e.g., Newton’s World)

● The insufficiently-cited names for content we teach in class (e.g., Snell’s Law 
instead of Ibn Sahl’s Law or Conservation of Momentum instead of Noether’s 
Theorem)

https://isaacnewton.world/
https://en.wikipedia.org/wiki/Snell%27s_law
https://en.wikipedia.org/wiki/Snell%27s_law
https://en.wikipedia.org/wiki/Noether%27s_theorem
https://en.wikipedia.org/wiki/Noether%27s_theorem


Crowdsourcing to tell the global stories

● Global discoveries from before Newton, which deserve accurate 
attribution

● Topic-specific one-pagers (e.g., next slide)

https://drive.google.com/file/d/1ZFUI2tdx3HQyi7LuYTYMRNwDLoVcgnSt/view


Greece (Aristotle):
Posited that 

downward motion 
of heavy bodies is 

related to their 
nature (gravity)

https://en.wikipedia.org/wiki/Hist
ory_of_gravitational_theory

Universal gravitation has a global history

500 BCE 1 CE 500 1000 1500 2000

China:
Showed the stars 
move but are not 

physically 
connected to 

anything 
https://en.wikipedia.org/wiki/C

hinese_astronomy

India (Brahmagupta):
“...all people on the earth stand 

upright, and all heavy things fall 
down to the earth by a law of nature, 

for it is the nature of the earth to 
attract and to keep things…” 

https://en.wikipedia.org/wiki/Brahmagupta#Early_concept_of_Gr
avity

India (Bhāskara II):
“Objects fall on the earth 

due to a force of attraction 
by the earth. Therefore, the 
earth, planets,... moon, and 
sun are held in orbit due to 

this attraction” 
http://www.mysteryofindia.com/2015/02/law-gravi

ty-discovered-indian.html

Americas: 
Predicted 
celestial 
events 

https://mexikaresistanc
e.files.wordpress.com/2
013/09/american-indian
-contributions-to-the-

world.pdf

Denmark 
(Brahe):

Described the 
solar system, 
made precise 

celestial 
measurements 

https://mathshistory.st-andre
ws.ac.uk/Biographies/Brahe

Germany 
(Kepler): 

Developed 
laws of 

planetary 
motion 

https://www.britannic
a.com/biography/Joh

annes-Kepler

United 
Kingdom 
(Newton):

Developed law 
of universal 
gravitation 

https://scholar.harvard.edu
/kleelerner/publications/n
ewtons-law-universal-grav

itation

USA (LIGO): 
Detected 

gravitational 
waves 

https://news.mit.edu/2
016/ligo-first-detection-
gravitational-waves-021
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Student-facing 
slide



Some physics pedagogy history (more here)

Turn of the century Post WWII Modern times

American universities’ research 
instructure was still forming. Only 5 
physics Ph.D.s had been awarded 
in the US by 1875; people were 
studying in Europe.

The Committee of Ten (1894) called 
to unify instruction, give access to 
all students, and teach physics first.

APS (1899) and AAPT (1930) 
facilitated collaboration to improve 
physics instruction.

Physical Science Study Committee 
(PSSC) designed curricula where 
students would learn by doing, not 
memorizing. The goal: reach as 
many students as possible so the 
ones with aptitude would find their 
way into physics. High school video 
lectures were recorded because 
quality teachers were hard to find.

Youth were encouraged to pursue 
physics via summer programs, 
ISEF (1950), AP Physics (1954).

We still face physics teacher 
shortages; we still face challenges 
ensuring all students have access 
to rigorous physics curricula.

We’ve continued to innovate 
physics pedagogy in many ways 
including NGSS, modeling, 
culturally responsive teaching, etc.

With thanks to Emma Jablonski

https://www.ams02.org/the-history-of-physics-education-the-evolution-of-teaching-methods-and-curricula/


Meaning-making is the goal

With thanks to Emma Jablonski

This is 
not a 

new idea!



2. Power, privilege, and participation in physics

Let’s look at

● What drives the content of the physics curriculum

● What drives the demographics of people who get to do physics

● The nature of science and whom physics serves



The content hasn’t changed much in 150 years

With thanks to Keith Sheppard



The people who get to take physics



Physics student demographics remain uneven

Nationwide:
Access and 
performance in 
advanced high school 
physics have been 
persistently 
inequitable when 
considering student 
ethnicity and gender.
- Angela Kelly and 
Rob Krakehl

High school physics enrollment by race in New York

https://journals.aps.org/prper/abstract/10.1103/PhysRevPhysEducRes.17.020105
https://journals.aps.org/prper/abstract/10.1103/PhysRevPhysEducRes.17.020105
https://equityinedny.edtrust.org/wp-content/uploads/sites/5/2023/03/Course-Access_March-2023.pdf


Physics student demographics remain uneven

Source: AIP, HERI, IPEDS

https://www.aip.org/statistics
https://heri.ucla.edu/
https://nces.ed.gov/ipeds/


Subjectivity/objectivity and the nature of science

Questions I ask students to discuss:

1. Is science is more objective (fact-based) or subjective 
(influenced by humans)?

2. Can science tell us what’s true and what’s false?
3. Is there bias in science?
4. How are science and politics related?
5. How are science and culture related?



Some quotes:
Science has been described as being “heavily dependent on cultural 
contexts, power relationships, value systems, ideological dogma, and 
human emotional needs.” (Harding, 1998)

Sociocultural consciousness is “the awareness that one’s worldview is 
not universal but is profoundly shaped by one’s life experiences, as 
mediated by a variety of factors.”  (Villegas & Lucas, 2002, p.27)

“Both meter stick and retinal imprints are elaborate constructs to 
which experience has direct access only when the 
scientist...arranges….The alternative is not some hypothetical ‘fixed’ 
vision, but vision through another paradigm.” (Kuhn, 1970)

“[K]nowledge of nature originates not with scholars but with ordinary 
working people in the course of their everyday productive activities.” 
(Conner’s A People’s History of Science, 2005, p. 393)

“The ‘union of capital and science’ was not and is not an alliance of 
equals; it has always been a master-servant relationship, with capital 
as the dominant partner." (Conner, 2005, p. 423)

“The relation between science and people cannot be understood 
apart from the ideological uses to which science has been put.” 
(Conner, 2005, p. 441)

What is an example of 
“power relationships” in 
science?

What 
“emotional 
needs” are 
fulfilled by 
science?

How does this 
non-
universality 
affect science?

Would Kuhn consider 
science to be more 
“subjective” or “objective”? 
Why?

Does it matter where 
scientific knowledge comes 
from? Why or why not?How does 

money affect 
whether 
science is 
objective or 
subjective?

Is it possible to disentangle 
science from society?



Physics is political

Physics serves those with money and power:

● Military (war/defense) funding drives university research (Giroux)
● Efficiency is sociopolitical and energy is sociopolitical (Scherr)
● Big tech drives physics research, setting priorities for innovation (Aka)

Claiming it’s apolitical leads to “authoritarian science” (Harding):

● Race “science” and science as a “civilizing mission” (Haraway)
● Nuclear physics programs and the Cold War
● “Free market” science and “both sides” of acid rain, smoking, global warming

https://www.amazon.com/University-Chains-Radical-Imagination-Giroux/dp/1594514232
https://www.youtube.com/watch?v=D0KCjFd4Z34
https://www.energyandequity.org/details/d8988bed-21e6-424b-9efa-c4a9aa74d7ff
https://itif.org/publications/2025/10/06/tip-of-the-iceberg-understanding-big-techs-contribution-us-innovation-competitiveness/


3. Pedagogical approaches for an imperfect world



Cogens: to understand students’ ecosystems

More detail in the article I wrote here

https://medium.com/educate-pub/cogenerative-dialogues-as-a-tool-for-healing-10f5308e79dc


Types of cogens

altagraciamontilla.com



Surveys: to take a pulse and boost metacognition

Share the aggregated data with students, and decide as a class what to do about it.



STEP UP materials (here)

https://engage.aps.org/stepup/curriculum






Physics Identity

Physics Identity: Present Self



Physics Identity

Physics Identity: Recognition by 
others



Physics Identity

Physics Identity: Competency and 
Performance Beliefs



Physics Identity



Physics Identity

Physics Identity: Interest



Physics Identity

Future Self



Physics Identity

Utility Value



A quote from a student of mine

"I’m proud of how much more comfortable I’ve become with asking questions and being okay with not understanding things right away. 
I’ve learned to embrace the learning process instead of rushing to have all the answers....Overall, I’m proud of how my mindset around 
school and learning has changed this year. This class helped me realize that majoring in something like physics is less about just 
learning physics or physics content and more about developing a way of thinking. That kind of mindset in terms of problem solving, 
reasoning, and curiosity is valuable across so many fields, and is true with a lot of majors. It’s changed how I think about college majors 
and learning in general. I used to think science classes were mostly solo efforts, where you sit down and just figure things out yourself. 
But white-boarding with others has taught me how valuable collaboration and different perspectives are. Working through problems first 
and then understanding the concepts afterward helped me realize that real understanding often starts with curiosity and struggle. That 
shift made learning more engaging and meaningful to me and resulted in a lot of "woahhhhhhh" moments. I was surprised to learn that 
physics and math majors tend to do really well on the MCAT and LSAT (both of which are tests I'm considering taking in the future). It 
made me seriously consider minoring in physics or math, even though I'm not completely sure yet, because the skills and logic learned 
in those majors are applicable in so many different settings. I’ve also started thinking more about teaching as a future career (maybe 
not something I do my entire life but definitely something I would want to do at least once, possibly a substitute teacher when I retire?? 
or an elementary school teacher before I go to grad school). This class, especially during that one class we had discussing college and 
the future, has made me realize that I don't need to have a career path that goes in a straight line. I can play around and explore the 
things I truly like. ...my mindset when it comes to school and grades has shifted. I used to be hyper-focused on grades, but this class, 
and your style of teaching Ms. Levy,  has helped me really love learning and the learning process. I've started to prioritize 
understanding and relevance over my numeric grade. I love that feeling of being able to explain how an everyday phenomena in my life 
works the way it works. And I’ve also realized that it’s okay if I’m not interested in every topic—we all connect to different things, and 
that’s part of what makes learning personal and valuable."



Frameworks that shape my instructional practice

● NGSS (DCI, CCC, SEP)
● Modeling Instruction
● ISLE Physics
● Building Thinking Classrooms

https://www.nextgenscience.org/
https://www.modelinginstruction.org/
https://www.islephysics.net/
https://www.buildingthinkingclassrooms.com/


Principles that shape my instructional practice

● Ask juicy questions, and celebrate when students’ approaches vary

● Have every student answer every question (even if it’s only in their head)

● Celebrate guesses (guessing wrong fosters learning better than not guessing)

● Read the room, and change your plan as you go

● Hear from everyone

● Value teamwork and risk-taking over getting it “right”

● Regularly promote student metacognition



More resources

James Poskett: Horizons, Diversity in STEM 
Challenge, Lesson Plans

Clifford Conner: People’s History of Science

David Peat: Blackfoot Physics

Daniel Kelves: The Physicists: The History of a 
Scientific Community in Modern America

Thomas Kuhn: The Structure of Scientific 
Revolutions

Meltzer and Otero: A brief history of physics 
education in the United States

Stay in touch!

elissadunnlevy
@gmail.com

https://www.amazon.com/Horizons-Global-Origins-Modern-Science/dp/0358251796
https://diversity-in-stem.org.uk/
https://diversity-in-stem.org.uk/
https://www.tes.com/teaching-resources/shop/JamesPoskett
https://www.amazon.com/Peoples-History-Science-Clifford-Conner/dp/1560257482
https://www.amazon.com/Blackfoot-Physics-Journey-American-Universe/dp/1857024567
https://www.amazon.com/Physicists-History-Scientific-Community-America/dp/0674666569
https://www.amazon.com/Physicists-History-Scientific-Community-America/dp/0674666569
https://www.amazon.com/Structure-Scientific-Revolutions-Thomas-Kuhn/dp/0226458083
https://www.amazon.com/Structure-Scientific-Revolutions-Thomas-Kuhn/dp/0226458083
https://pubs.aip.org/aapt/ajp/article-abstract/83/5/447/1056914/A-brief-history-of-physics-education-in-the-United?redirectedFrom=fulltext
https://pubs.aip.org/aapt/ajp/article-abstract/83/5/447/1056914/A-brief-history-of-physics-education-in-the-United?redirectedFrom=fulltext
mailto:elissadunnlevy@gmail.com
mailto:elissadunnlevy@gmail.com

