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Preface  

  

The theme of the 2019 Physics Education Research (PER) Conference was Physics Outside of 

the Classroom: Teaching, Learning, and Cultural Engagement in Informal Physics  

Environments.   

  

The plenary talks highlighted this theme in several ways. Paula K. Hooper’s talk entitled Making 

through a lens of culture, power, & equity: Visions for Learning and Teaching in Informal 

Settings focused on factors and ways that educators can think about where equity and science 

ideas are intertwined.  

  

Shane Bergin led an interactive session demonstrating a collective experience of running, or 

participating in, informal physics programs. Shane also addressed the scholarship from this 

emerging sub-discipline.  

  

Jamie Bell provided an overview of what is sometimes called an "invisible infrastructure" of 

support for informal STEM learning and communication, and invited attendees to share their 

own discoveries and what's in their toolboxes.  

  

In 2019, PERC continued the breakout "Dine and Discuss" groups started in 2018. Among these 

groups of a variety of topics, the PERC Proceeding editors hosted a session inviting attendees to 

meet the editors. Steven Wolf, editor of 2019 proceedings, led the dinner discussion and 

addressed questions attendees asked. Juried talk papers continued in the main peer-reviewed 

section of the Proceedings, also a transition that happened in 2018.  

 

PERC often ends with a plenary session or panel, and in PERC 2018 it closed with parallel 

discussions run by a panel of plenary speakers. This year, Mike Bennett, one of the organizers as 

well as a Proceedings editor, ran a relaxed, discussion-based closing session inviting attendees to 

reflect on their conference experiences, including the conference’s interactive community 

engagement piece, and to discuss how the PERC 2019 themes and content might impact their 

own practice moving forward.  

  

This year, the Physics Education Research Leadership and Organizing Council (PERLOC) was 

involved, working with the editors to improve the process of paper reviewing.  

  

None of this could happen without a team of people every year who bring their vision, energy, 

and sweat. The 2019 PERC organizers were Mike Bennett, Jackie Chini, Claudia Fracchiolla, 

Danielle Harlow, Katie Hinko, and Katemari Rosa. They were joined by the formidable 

organizational powers of the American Association of Physics Teachers (AAPT).  

  

1



The PERC Proceedings online submission and review process was supported by Lyle Barbato 

and Bruce Mason who work closely with the editors to ensure smooth functioning of the online 

system. We owe Lyle and Bruce a great deal of thanks.   

  

The editors also thank the AAPT for their sponsorship of the Proceedings, allowing it to be 

published open-access through the comPADRE website.  

  

As in every year, the editors wish to thank the referees for volunteering their time and expertise 

to give feedback to papers submitted to the Proceedings. This year we had 212 reviewers who 

reviewed the 151 papers submitted to the Peer Reviewed Section. The PERC Proceedings is both 

an important archive of findings and also a place where many new members of the field publish 

their first physics education research, and we are deeply appreciative of the reviewers who make 

this possible.  

  

The Editors thank: Wendy Adams, Abolaji Akinyemi, Anne Alesandrini, Jonathan Alfson, Emily 

Allen, Rabindra Bajracharya, Pablo Barniol, Daniel Barringer, Lauren Bauman, Ian Beatty, 

Michael Bennett, Theodore Bott, Andrew Boudreaux, Eric Brewe, David Brookes, Jacqueline 

Bumler, Jan-Philipp Burde, Eric Burkholder, Danny Caballero, Esmeralda Campos, Ying Cao, 

Sheh Lit Chang, Stephanie Chasteen, Zhongzhou Chen, Mary Chessey, Jacquelyn Chini, Eleanor 

Close, Hunter Close, Robert Colesante, Kelley Commeford, Joel Corbo, Edgar Corpuz, Adriana 

Corrales, Sonja Cwik, Abigail Daane, Robert Dalka, Kushal Das, Ian Descamps, Richard Dietz, 

Constance Doty, Daniel Doucette, Dimitri Dounas-Frazer, Archana Dubey, Andrew Duffy, Jared 

Durden, Philip Eaton, Paul Emigh, Eugenia Etkina, Brett Fiedler, Noah Finkelstein, Thomas 

Finzell, Claudia Fracchiolla, Scott Franklin, Kelsey Funkhouser, Cynthia Galovich, Geoffrey 

Garrido, Andy Gavrin, William Gerace, Julian Gifford, Elizabeth Gire, Fred Goldberg, Melanie 

Good, Lisa Goodhew, Matthew Guthrie, Brianne Gutmann, Kelby Hahn, Megan Halpern, 

Danielle Harlow, Thomas Head, Richard Hechter, Charles Henderson, Rachel Henderson, Eder 

Hernandez, Paula Heron, Travis Herring, Kathleen Hinko, Brant Hinrichs, Robert Hobbs, 

Natasha Holmes, Dehui Hu, Tra Huynh, Paul Irving, Joss Ives, Dena Izadi, Westley James, Paul 

Justice, Yasemin Kalender, Christof Keebaugh, Caitlin Kepple, Raina Khatri, Abigail 

Kimbrough, Antje Kohnle, Eric Kuo, Alexandra Lau, Anne Leak, MacKenzie Lenz, Heather 

Lewandowski, Yangqiuting Li, Will Lindsay, Robynne Lock, Savannah Logan, Diana Lopez, 

Joshua Love, Michael Loverude, Brandon Lunk, Meghan Macias, Vina Macias, Adrian Madsen, 

Steve Maier, Nuraan Majiet, Tshiamiso Makwela, Alexandru Maries, Emily Marshman, Andrew 

Mason, Jonathan Massey-Allard, Austin McCauley, Michele McColgan, Sam McKagan, Gabriel 

Mestas, Daryl Moore, Emily Moore, Thomas Moore, Jason Morphew, Claire Mullen, Alexandria 

Muller, Sarah Muller, Carissa Myers, Kizito Ndihokubwayo, Jayson Nissen, Timothy Nokes-

Malach, Egla Ochoa-Madrid, Tor Ole Odden, Daniel Oleynik, Alice Olmstead, Christopher 

Orban, Lindsay Owens, Gina Passante, Alanna Pawlak, Kathy Perkins, Anthony Pina, Jacob 

Poirier, Benjamin Pollard, Steven Pollock, Christopher Porter, Geoff Potvin, Brean Prefontaine, 
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Argenta Price, Javier Neira, Gina Quan, Erin Quealy, Xandria Quichocho, Katherine Rainey, 

Caleb Rispler, Rebecca Rosenblatt, Josh Rutberg, Qing Ryan, Diana Sachmpazidi, Paulo 

Sarriugarte Onandia, Ryan Sayer, Eleanor Sayre, Erin Scanlon, Benjamin Schermerhorn, Rachel 

E. Scherr, Erin Schipull, Christian Schunn, Stephanie Sedberry, Sydney Seese, Matthew Semak, 

Peter Shaffer, Chandralekha Singh, Emily Smith, Trevor Smith, Annalisa Smith-Joyner, Philip 

Southey, Alexis Spina, Jared Stang, Martin Stein, Tim Stelzer, John Stewart, Antoinette Stone, 

Meagan Sundstrom, Beth Thacker, John R. Thompson, Adrienne Traxler, Chandra Turpen, 

Josilyn Valencia, Diego Valente, Ben Van Dusen, Armando Villasenor, DJ Wagner, Cole Walsh, 

KC Walsh, Tong Wan, Aaron Wangberg, Christopher Webster, Nolan Weinlader, Daniel Weller, 

James Wells, Kyle Whitcomb, Suzanne White Brahmia, Carl Wieman, Bethany Wilcox, Julia 

Willison, Steven Wolf, Xian Wu, Nicholas Young, Brian Zamarripa Roman, Genaro Zavala, 

Muxin Zhang, Raymond Zich, Charlotte Zimmerman, and Benjamin Zwickl. 

 

Finally, the Editors wish to express our special thanks to the PERC Coordination Committee 

chaired by Erin Scanlon, who facilitated communications and coordinated logistics among 

multiple parties to streamline the process for future years.  

  

See you Summer 2020 in Grand Rapids, Michigan!  

  

Ying Cao  

Editor-in-Chief  
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Conference Overview: Physics Outside of the Classroom: Teaching, 
Learning, and Cultural Engagement in Informal Physics Environments 

 
 

Physics education occurs in a multitude of contexts: in the home, afterschool, in museums, in the 

community, online, and in classrooms. Learning environments other than formal classroom 

experiences are collectively referred to as "informal learning environments" and they provide 

different opportunities and challenges for both researchers and practitioners. Since these programs 

are not typically bound by grades or standardized testing, informal physics education environments 

and programs can more freely focus on providing opportunities to develop interest and excitement 

toward physics, empowering participants of all ages and backgrounds to ask questions, be critical 

of information, and simply wonder at the universe, all while still engaging participants in a range 

of topics from introductory physics to cutting-edge research. 

Thus, as a complement to formal physics education, informal physics provides novel contexts for 

researching physics learning and instruction, pathways to physics identity, and other topics. 

Informal physics education research provides opportunities to consider the ways in which physics 

as a culture presents itself to the public, including to potential future physicists, especially those 

from under-represented groups. Informal physics can also have a strong focus on elements of 

inclusion and equity, often serving as the first point of contact for interested members of the public, 

and the experiences of informal physics practitioners and researchers can complement and even 

inform the way formal physics departments address these important issues. In a broader context, 

informal physics is the gateway through which physicists communicate with the public, making 

physics part of society in the process. 

In PERC 2019, we seek to provide opportunities in both traditional and non-traditional ways to 

connect and socialize with other physicists, as well as with the local community, and we plan to 

provide opportunities to showcase the rigorous research being done in informal and formal fields 

with connections to outreach. In line with the advantages of informal learning spaces, we 

encourage submissions to push on the boundaries of traditional modes of presentations. 

We are looking forward to conferencing with you! Twitter: @PERC2019, #PERC2019 
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PROGRAM 

Wednesday, July 24, 2019 

3:00pm Bridging Plenary Talks 

A Collective Exploration of Physics Beyond the Classroom 

Speaker: Shane Bergin 

Making through a lens of culture, power, & equity: Visions for Learning and 

Teaching in Informal Settings 

Speaker: Paula Hooper 

4:30pm Break, Poster Session I Setup 

4:45pm Poster Session I (refreshments, 2 group of posters, 45 minutes) 

First Timer / Undergraduate posters will be presented. 

6:15pm Dinner / Poster Session II setup 

8:15pm Poster Session II (dessert, 2 groups of posters, 45 minutes per group) 

 

Thursday, July 25, 2019 

8:00am Parallel Sessions Cluster I 

● Juried Talks I 

● Discussion Space for People of Color 

● Learning by analyzing more than just correct answers 

● Representing student reasoning about math in physics 

● Bright approaches to informal physics 

9:45am Poster Session III (coffee, 1 group of posters, 45 minutes) 

10:45am Parallel Sessions Cluster II 

● Critical Theory as a Research Framework for Addressing Injustice in 

Physics Education 

● Blending Physics and Other Interests (In and Out of the Classroom) 

● Museum-based physics education research through research-practice 

partnerships (RPPs) 

● Teaching 3D Physical Concepts Using Virtual and Augmented 

Reality 
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● Video Analysis of Student Thinking in Labs 

● Juried Talks II  

12:15pm Lunch Plenary --Jamie Bell 

1:30pm Parallel Sessions Cluster III 

● Understanding and Assessing Problem-solving in introductory 

physics 

● Measuring the conceptual development of teachers: A data analysis 

workshop 

● Conceptual Design of Informal Physics Programs 

● Using Social psychological intervention to make STEM classrooms 

inclusive and improve learning 

● PERC 20/20: A Sneak Peak at “Insights, Reflections, & Future 

Directions” 

3:15pm Closing Session 

4:00pm End of PERC 
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Introduction 
 

 

Papers published in the 2019 Physics Education Research Conference Proceedings consist of two 

categories, two plenary papers and peer-reviewed papers. 

 

The plenary papers were contributed by plenary speakers, Dr. Jamie Bell and Dr. Shane. D Bergin. 

 

The peer-reviewed papers are written products of any presentation including the juried talks, 

parallel sessions, and poster sessions. Each paper undergoes a rigorous peer review process in 

order to be published in the Proceedings. This year saw 151 submitted manuscripts, of which 112 

were accepted for final publication.  

 

The readership of the Physics Education Research Conference Proceedings includes faculty, post-

doctoral associates, and graduate and undergraduate students in physics education; scholars in 

other discipline-based science education or closely related fields, such as cognitive science; 

practitioners in physics or other sciences, such as teaching faculty at undergraduate and graduate 

levels, and high school physics teachers. 
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