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Lillian as a Model



The Long Road to Physics Education Reform
• Physics teaching at the high school and college level in the United States began 

in the early 1800s

• For more than a hundred years, most efforts at research and reform of physics 
education were focused on the high school level

• During the 1950s, new ideas and new trends in physics teaching were beginning 
to spread: it was a time of tremendous ferment in the physics education 
community

• However, serious and focused efforts to carry out research and reform at the 
college level would not begin for another 20 years…



Before the Beginning: The Genesis and Development of 
Lillian McDermott’s Physics Education Group



1950s-1960s: Arons; PSSC; Karplus



1950s-1960s: Arons; 
During the 1950s, Arnold Arons developed a highly innovative physics 
course at Amherst College, requiring students to explain their reasoning in 
great detail, and to design, explain, and carry out experiments to analyze 
physical systems. Physical Science Study Committee (PSSC)



1950s-1960s: PSSC; Karplus
• The Physical Science Study Committee (PSSC) engaged many research 

physicists in the design and implementation of a new high school physics 
curriculum;

• Berkeley physicist Robert Karplus developed an elementary science curriculum 
based on developing students’ reasoning abilities.



Arons to U. Washington; McDermott joins him

• 1968: After facing persistent resistance from physics curriculum 
“reformers” who objected to his focus on examining student thinking in 
detail, Arons joined the faculty at the University of Washington to develop 
an inquiry-based physics course for elementary school teachers,  
emphasizing slow-paced Socratic questioning to gradually build students’ 
conceptual understanding and reasoning skill.

• 1969: Having taught in several universities following her Ph.D. in nuclear  
physics, Lillian McDermott joined Arons as volunteer instructor in his 
course. She observed and implemented his instructional methods, already 
familiar to her from her Greek family background that included Socratic 
dialogue with her father.

• 1970: Arons and McDermott receive their first NSF grant to create a 
Summer Institute for elementary teacher education in science.



Interview, November 16, 2019



Beginning of Physics Education Research

● 1970: McDermott becomes part-time Lecturer at UW; creates “combined 
course” for elementary and secondary teacher education in physics and 
physical science; begins revising some of Arons’ instructional materials to 
make them more accessible to less-prepared students.

1970 UW Bulletin 
1974 article in American 
Journal of Physics



Beginning of Physics Education Research
1973: McDermott hired as tenure-track Assistant Professor at UW; begins to guide 
three physics Ph.D. students in systematic research on the teaching and learning of 
physics, probably the first time this had happened anywhere.



McDermott’s Research Program
• Recognize that research is required to best decide “the right questions to 

ask” during Socratic inquiry-based instruction.
• Recognize that students’ physics difficulties often stem from a combination 

of weak conceptual understanding and underdeveloped reasoning skills, 
requiring that students’ reasoning and physics concept understanding be 
investigated simultaneously.

• Combine student data from written qualitative problems requiring 
explanations of reasoning with data from “individual demonstration 
interviews” [one-on-one question-and-answer sessions with students 
engaged in interpreting physics experiments].

• Develop curricular materials that are rigorously and repeatedly tested, to 
ensure they help improve students’ physics performance in a manner that 
would be satisfactory to an ordinary physics instructor.



Individual Demonstration Interview from the 1980s



These were among the very first 
articles to report detailed 
research on the learning of 
physics by university students 

1980

1981



1987

1987



1986



● Lillian was a physicist

● and committed to rigorous research to evaluate educational effectiveness

● Lillian was a woman in physics in the 1960s
● Lillian was a woman in physics in the 1970s who cared about physics teaching
● and physics teacher preparation



As a physicist she understood the concept of system and surroundings

System of PER innovation People she wanted to influence Departments and InstitutionsInstitutional Change



As a physicist she understood the concept of system and surroundings

System of PER innovation People she wanted to influence

a perpetual 
cycle of 

growth and 
renewal

Theory of Change



Lillian as a Mentor



1994: After years of studying Lillian’s writings, I finally met her at an NSF PI 
conference. She promptly invited me to visit her group, which I did in early 
1995. It was a transformative experience for me. I observed both Physics by 
Inquiry classes and Tutorials, learning how she and her group had 
implemented gently paced, inquiry-based learning in the context of lecture-
free physics instruction. 



In 1996, Kandiah Manivannan and I published at article in Physics Teacher 
describing our work in transforming large lecture classes along an inquiry-
based model. Soon after we met with Lillian at a PEG workshop at an AAPT 
meeting. She complimented us on the article, and told us, “And now the next 
step is for you to do research.” This remark helped motivate us to move 
forward with our work.



After I accepted a tenure-track faculty position at Iowa State University in 
1998, Lillian invited me to give my first national invited talk at the summer 
AAPT meeting. She also invited me to spend that summer in Seattle, 
working as an instructor in the Summer Institute.



Participating in the work of the PEG for the entire summer of 1998 was 
another transformative experience for me, as it provided comprehensive 
exposure to the many aspects of the PEG’s work. It helped guide my focus 
as I built my own research group at Iowa State, investigating student 
understanding of physics concepts. Our initial focus was on students’ ideas 
in thermodynamics.



In 2004, as part of her efforts to disseminate PER ideas to the broader 
physics community, Lillian organized a session at the American Physical 
Society April meeting and invited me to discuss my group’s investigations of 
student learning of thermodynamics.



In 2005, after Iowa State decided to eliminate physics education research 
as a formal research endeavor, Lillian invited me to move to Seattle as a 
visiting scientist, where I could continue with the work that was supported by 
my three concurrent NSF grants.



In 2007, Lillian was instrumental in my becoming a consultant to the 
PhysTEC project for the American Physical Society. I was able to remain 
in Seattle and continue working with the PEG, where I also became a part-
time 8th-grade physical science teacher at a school for gifted children.



I was hired in 2008 as a tenured faculty member at a new 
education college at Arizona State University. Shortly before I left, 
Lillian called me into her office to discuss a new manuscript she 
had started that would outline the history of the UW Physics 
Education Group. Thus began an 11-year collaboration between us 
that never really ended, as I helped to edit and bring to publication 
the manuscript after Lillian’s passing in 2020.



In 2013, as part of her effort to expand PER internationally, Lillian organized 
a session at the European Science Education Research Association 
(ESERA) in Cyprus, and invited me to give a talk on the history of PER in 
the U.S.



Supporting and Disseminating PER

● Lillian was always encouraging and supporting new PER faculty
● The education of physics teachers was a lifelong commitment for her, 

beginning in 1970 and for a half-century beyond.
● She was unceasing in her efforts to spread PER to the broader 

physics community, both in the United States and throughout the 
world

● She encouraged both short- and long-term visitors to the PEG in 
Seattle, knowing that the more exposure people had to the groups’ 
faculty and students, watching them in action and participating in the 
work, the more effective would be their own efforts in physics 
education research



1996



1997

Fred: 

Tell Lillian your 
dissertation idea

Valerie:

Bla, bla students, 
bla bla learning, 

bla bla data

Lillian:

Where’s the 
physics?



Indeed…where’s 
the physics?

PER is not only in the context of physics, but also the research 
is done through the epistemology of physics. 



2001



2001

Sociocultural theory

Qualitative research

Small vs. Large 
enrollment courses

Learning Assistant (LA) Pedagogy Course



2005

D B E R
PER is not only in the context of 
physics, but also the research is done 
through the epistemology of physics. 



2005

Discipline-Based, Epistemologically-
Informed, Educational Research

DB ERI E



2008

Streamline to Mastery

Physics for Teachers Program



2008: The Book

2008 Version 8



Peter: 

Let’s go to the 
vegetarian 
restaurant

Lillian:

Here’s my life 
story.

Valerie:

Where’s the 
Activism? 

2008: The Book



2008: The Book
2008 Version 8

200? Version 28
November 10, 2014

2021



2008: The Book

2021 Chapter 1: The Path to Physics 
Education Research at UW

Chapter 2…

Chapter 3…

Chapter 4…

…

Chapter 10: Conclusions…



2008: The Book

2021 Appendix A

Appendix B

Appendix C

Appendix D

…

Appendix I

Coda: A Closing Opinion on Science Education Research, Reflections on 
Women in Physics, and a Personal Postscript



Lillian as an Inspiration



Broader Impacts of Lillian McDermott’s Work
• Lillian McDermott’s Physics Education Group (PEG) has played a major role in 

the reform and restructuring of undergraduate physics education in the United 
States during the past 50 years.

• The PEG helped bring physics teacher education into the modern era, 
transitioning from the initial reforms of the 1950s and 1960s to the research-
informed and research-validated methods used today.

• As one of the largest and longest-lived physics education research (PER) 
groups in a university physics department, the PEG set an unsurpassed 
standard of quality, quantity, and rigor of its research endeavors and curriculum 
development.

• By leading the way for PER to be accepted as a legitimate field of research for 
professional physicists, the PEG helped open the door for Discipline-Based 
Education Research in other science fields as well.



Chapter 1: Fostering Community and Collaboration

Chapter 2: Cultivating Confidence and Professionalism

Chapter 3: Conducting Educational Research

Chapter 4: Impacting Educational Policy

Chapter 5: Empowering Students

Chapter 6: Becoming an Agent of Change

2021

2021

Streamline to Mastery



”Due to collaboration within the [Streamline to Mastery] 
program, we began to see ourselves as professionals, 
researchers, and master teachers. We now see 
ourselves as agents of change who believe we can be 
leaders within the field.”



Lillian McDermott
Mentor, Model, and Inspiration

Activist and Agent of Change


