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T he COVID-19 pandemic imposed profound changes
on the way we think about undergraduate physics

education. Online courses became mainstream. Exam
formats were reimagined. Digital whiteboards replaced
face-to-face discussions. Laboratory classes were outfit-
ted with home-delivered supply kits. And all of us de-
veloped a more intimate knowledge of Greek letters and
symbols (delta, omicron, etc.) than we might have com-
fortably liked to admit.

Having weathered these transformations from the
point of view of both an undergraduate student (S.L.J.)
and classroom instructor (A.H. and C.L.S.), we have
found that among the most challenging aspects of the
in-person learning experience to replicate in an online
environment have been the relational ones. To high-
light some of the ways in which this issue can be miti-
gated, we report here on the activities of the San José
State University (SJSU) Physics and Astronomy Stu-
dent Reading Society (PhASRS), which was an online
reading group at SJSU founded by ourselves and oth-
ers running from the summer of 2020 until the end of
the fall 2020 semester. Elements of the reading group’s
structure and guiding principles are described, as well
as student and faculty reflections on what worked well
and what did not. The manuscript underlines the power
of astronomy and physics themed journal clubs as ve-
hicles for learning1–4 and more generally emphasizes
the importance of community-building initiatives in the
discipline.5–9 Our hope is that this summary of activities
will inspire faculty members and students at colleges and
perhaps high schools to imagine new possibilities for de-
veloping communities of people in science that might not
otherwise be able to exist.

I. ORIGINS AND GOALS

The idea for the PhASRS reading group arose from
multiple directions simultaneously. Among the primary
motivators was the fact that in the summer of 2020, dur-
ing the height of the pandemic, internship and research
programs that would usually have been conducted over
the summer were largely canceled. “In the beginning of
the pandemic, I had nothing to do,” said Frank Dachille,
a physics major and college junior at the time of the
program. “I really wanted to do some physics.” This
sentiment and others like it were communicated in class
to one of us (C.L.S.) toward the end of the spring 2020
semester, and discussions were initiated at an end-of-year
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FIG. 1. A sampling of San José State University PhASRS
participants. Names with asterisks (*) indicate master’s stu-
dents. Names with daggers (†) indicate faculty and staff. All
other participants are undergraduates.

departmental faculty meeting about what could be orga-
nized in response. In July of 2020 the reading group was
born with Smallwood as lead facilitator, and the group
featured nine students and three faculty members and
lecture staff at its inaugural meeting.

Independently of this, another one of us (A.H.) had
been exploring the possibility of expanding upon a di-
rected reading course that had been offered during the
fall of 2019 aimed at exposing students to the world and
career pathways associated with particle physics. Con-
ceived innovations included an expansion of topics into
other fields of research to help students better understand
the ways in which a physics background can be leveraged.
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FIG. 2. Slide samples from the SJSU PhASRS program. Images courtesy of Frank Dachille (upper left), Sidney Johnson (upper
right), Jasdeep Madar (lower left), and Tommy Chin (lower right).

Hatzikoutelis took over the role of facilitating PhASRS as
the fall 2020 semester commenced. The group was cod-
ified into a one-unit class employing a credit/no credit
grading scheme, and the exposure-to-research goal was
set as an underlying value. Learning outcomes included
the ability to identify and reflect on the salient points of
scientific articles.

Among the core values of the reading group for both
the summer and academic-year settings was that it be
student-centered but also reliant on the involvement of
faculty members, serving, in some ways, as a replace-
ment research experience for students who would have
otherwise landed internships and as a gateway to research
for students just starting to get involved. The sense of
shared investment in time and resources remained an im-
portant feature of the reading group throughout its ex-
istence. For any given reading group session there were
3–5 faculty members attending and 6–10 students. Nine
different faculty members and 12 students participated
in the group in total over the combined summer and fall
sessions.

II. ACTIVITY STRUCTURE

Structural elements of the reading group can be
roughly organized into three categories: meeting format,
subject matter, and technological support.

Meeting format: PhASRS meetings occurred on a
weekly basis, were restricted to one hour, and were con-
ducted over the video chat platform Zoom. In recognition
that online platforms pose special challenges in terms of
fostering community (as opposed to fully in-person for-
mats), an emphasis was placed on relationship-building,
with the first several minutes of each reading group ses-
sion devoted to personal check-ins and informal chat.
The first meeting was devoted entirely to getting stu-
dents and faculty members acquainted with each other
and to working out logistical details including the estab-
lishment of the reading group name. The second and
third meetings were led by faculty members to set ex-
amples and templates for student-hosted meetings yet to
come (Smallwood led the second meeting with a discus-
sion of an article related to quantum computation, and
Dr. Ehsan Khatami led the third meeting with a discus-
sion of an article on the Ising Model). Following this,
the role of discussion group leader rotated on a weekly
basis, with different students or faculty members assem-
bling slide presentations on reading group material each
week. In weeks featuring student presenters, the stu-
dent in charge was paired with a faculty mentor in an
arrangement designed to give students a taste of what
a one-on-one research experience with the faculty men-
tor might look like, to strengthen student/faculty rela-
tionships, and to provide resources and guidance to stu-
dents as they prepared their facilitator notes. With the
weekly discussion leaders rotating in and out, we found it
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helpful to also have a lead facilitator charged with long-
term logistics, speaker coordination, and student/faculty
pairing. As mentioned above, Smallwood filled this role
throughout the course of the summer and Hatzikoutelis
took over the role in the fall.

Discussion leaders were encouraged to prepare slide
sets to go along with the meetings that they facilitated,
as exemplified in Fig. 2. The reasoning behind this was
to make participation barriers for the rest of the mem-
bers of the group as low as possible so that students who
might not have had a chance to read the assigned article
or who didn’t fully understand it would still be able to
contribute. That being noted, it can be tempting turn
slide sets of this sort into extended monologues conducted
exclusively by the facilitator. To help avoid this pitfall,
interruptions were welcomed, and facilitators were en-
couraged to pepper their slides with discussion questions
aimed at inviting reactions and thoughts from the rest of
the group. Typical goals for the ratio of presentation time
to discussion time were about half and half, with facilita-
tors fluidly switching back and forth between these two
kinds of interaction modes over the course of the hour. In
the liveliest and (to our minds) most successful sessions,
questions posed by the facilitator naturally evolved into
whole group discussions in which many different people
chimed in, and in which the facilitator only occasionally
stepped in to steer the conversation forward.

Subject matter: Reading group subject matter was
largely chosen from popular science articles published in
venues like Physics Today, Scientific American, or the
“News and Views” Section of Nature. The purpose of
selecting articles at this level was to introduce students
to modern topics of interest in physics while still keeping
content maximally accessible. Depending on the topic,
supplementary references to original peer-reviewed aca-
demic journal articles were occasionally recommended as
well. A list of discussion topics is summarized in Table
I, and references are collected in full at the end of this
article. Topics were suggested and selected by both fac-
ulty members and students. Once a topic was identified,
article assignments to go along with it were selected by
faculty members (in the case of faculty-led discussions)
or by students and their assigned faculty mentor in a
collaborative approach (in the case of student-led discus-
sions). In this latter case, the article assignment often
grew out of a brief literature review conducted by the
student independently or with assistance of the faculty
partner.

Technological support: Aside from the weekly video
chat meeting held on Zoom, the PhASRS group sched-
ule was maintained through a shared Google Document
listing dates, topics, presenters, and (where applicable)
faculty mentors. A channel devoted to the PhASRS read-
ing group was also created on a Discord server maintained
by the SJSU Physics and Astronomy Club, and students
were encouraged to share their reactions to the assigned
reading group articles asynchronously in advance of the
weekly video chat meeting. While reading the article, a

TABLE I. Schedule of PhASRS Discussion Topics (Starred
discussions were led by students)

Week Topic Refs.

1 Introduction –

2 Quantum Computation [10]

3 The Ising Model [11]

4 The Nature of Quantum Measurement* [12]

5 Physics Education Research [13]

6 High-Temperature Superconductivity* [14]

7 Discovering the Higgs Boson* [15]

8 Scientific Fraud* [16]

9 Superresolution Microscopy* [17,18]

10 Highlights of the SLAC Summer School [19]

11 Variations on Schrodinger’s Cat Paradox* [20]

12 Imaging a Black Hole* [21]

13 Recoil Mass Spectrometry [22]

14 Social Equity Impact of Physics Grade Scales [23,24]

15 Neural Networks as Physics Analysis Tools [25,26]

16 The Michelson-Morley Experiment* [27]

17 The Physics of Climate Change* [28]

18 Fusion and the National Ignition Facility* [29]

few students assembled detailed article notes in privately
created Google Documents, and they shared these notes
with the rest of the group so that other students and fac-
ulty members could comment and react. For the course-
credit version of the reading group in the fall, there was
a course page, created on the SJSU-managed learning
management system Canvas, with the reading material
and student and faculty presentations. There were also
discussion assignments in the course-credit version of the
group where the students commented on the readings and
the presentations for each subject. The attendance and
the discussion participation defined the student grades.

III. WHAT WORKED? AND WHAT DIDN’T?

To help understand the impacts of PhASRS better, we
arranged to collect a series of interviews with PhASRS
participants in the fall of 2021, a year after the program
ended. Interviews were conducted by S.L.J. in one-on-
one recorded video conversations over Zoom. Student
participants reported in these interview sessions that the
experience left them more academically prepared for fu-
ture careers than they otherwise would have been, and
that it also brought them closer to their classmates.

Though at first intimidating to students, the hour-long
structure of the talks provided many students with im-
portant expertise in giving longer presentations, as well
as being leaders of discussions. “It was daunting!” said
Tommy Chin, a student who joined PhASRS at the be-
ginning of the Fall 2020 semester as an undergraduate
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junior. “To actually fill up the entire hour was daunt-
ing. I’d never actually given an hour talk before.” Stu-
dents quickly rose to the challenge, however, with success
attributed in some cases to the designation of faculty
mentors. “Pairing us with a mentor really helped,” said
Chin. “I don’t think I would have been able to do it
if it hadn’t been for Dr. Wharton.” In retrospect, some
of the students remarked that giving a longer talk was
actually much easier than the usual 10–15 minute talks
they give for final projects in school, and in almost all
cases, students reported being thankful for the skills de-
veloped. “Now that I have done those two really long
talks, it seems like the longer talks are easier,” said Frank
Dachille. “It was amazing practice,” said Jay Singh, who
was a recently graduated SJSU Business Administration
major at the time he joined the group, and has since
matriculated into the SJSU Physics master’s program.
Faculty who were PhASRS mentors agreed with the stu-
dents, both in that longer talks were generally easier, and
that both hour-long and shorter presentations were great
practice for the students’ futures. Dr. Ehsan Khatami,
one of the PhASRS group faculty mentors, noted that the
talk provided a particularly nice practice venue for his
master’s degree research student. “Now that he’s grad-
uating, he has to give a talk like that,” Khatami said,
“and he can even maybe recycle a few [of the PhASRS
presentation] slides.”

Students reported that one of the other notable aca-
demic benefits of participating in PhASRS was in learn-
ing how to understand and process the scientific con-
tent. Scott Hillen, who was an undergraduate junior at
the time he joined PhASRS, remarked that one of the
things he appreciated most about the group was the way
it enabled him to see how professors interact with each
other in real-time discussions. “What drew me in,” he
said, “was the ability to see how professors operated, how
they looked at, and read, and understood papers. And
so basically what would happen is they would present,
and I would just be sitting there in awe, and I would
think ‘Oh my God, they think that? They’re attacking
it this way?’” The reflections of other students were sim-
ilar. Most cited that being able to not only give talks,
but also watch ones given by peers and professors gave
them the ability to learn and improve their own exper-
tise. “When the students presented, it kind of gave all of
us an understanding of ‘hey, this is how we could present,
and maybe do better here or there,’” said Singh, contin-
uing, “When the professors presented, it gave a template
of how you should.” Chin reflected that “it reinforced the
concepts I was learning in class.”

The program’s greatest benefits, however, may have
had less to do with the development of individual skills
than with the cohort and community that the creation
of the reading group helped foster. Students commented
that this development was largely facilitated by the
group’s relaxed atmosphere and emphasis on student
leadership. “The main selling point of the program is
that it was an easy-going, non-stressful environment to

learn,” said Chin. “And also, it was kind of like a potluck.
Everyone brought different things [to discuss].” In con-
sequence, said Chin, students in the PhASRS reading
group felt especially free to ask questions. “It was the
little things, right? You’re always constantly afraid [in
more formal contexts] that your questions are stupid,
and people might think that you’re asking a stupid ques-
tion. But that environment made it less intimidating.”
Alexander Hawksley, an undergraduate junior who joined
PhASRS in the fall of 2020 at the same time as Chin,
echoed this sentiment. “It was really nice to have a
presentation on very complicated material from someone
who did not understand it that well. And that sounds
like it would be bad! But it was nice because they knew
the presentation was upcoming, it was a relaxed environ-
ment so they knew they wouldn’t be severely penalized
if they didn’t have all the answers, and it was okay to
say, ‘I don’t know, I’m not an expert.’” Hawksley went
on to mention that the course being voluntary and not
required also contributed to the environment and his ini-
tial interest: “I knew everybody in the audience wanted
to be there, because it was basically a volunteer course,”
he said. Others mentioned the lack of grades or tests
was also a reason for them feeling much less stress than
a normal class: “We all understood that we were there
to learn and to gain experience, not to judge anyone else
or get grades,” said Dachille.

An idea that many students commented was inter-
twined with the group’s relaxed atmosphere was the fact
that the same set of students kept on choosing to come
back to the group on a recurring basis. “It makes you re-
alize you’re not alone in the boat...There are a lot of peo-
ple in your situation, or a similar situation, so you don’t
feel like you’re going through it by yourself,” said Singh,
highlighting the struggle of isolation many students tend
to feel at some point in their undergraduate career in
physics. “It built a cohort,” said Chin. “People who
were in PhASRS, we ended up taking classes together
after that.” Students who were involved in PhASRS and
went on to take classes together had a tendency towards
building study groups outside of class (online at first, of
course, due to the pandemic). “It feels like this commu-
nity that has free-flowing ideas, and it’s cool to see how
they form, and how they turn out later.” said Dachille.
Students were very emphatic about the importance of the
culture of PhASRS, which encouraged students to learn
and ask questions. Many made it clear that this was dif-
ferent from being in a normal classroom setting, and felt
like they were included and encouraged to ask questions
and learn from others.

Alongside the positive feedback, students did report
a few downsides, with compliments of the program be-
ing interwoven on occasion with commentary about the
required time commitment. Dr. Kenneth Wharton, one
of the group’s faculty mentors, noted, for example, that
“carving an hour out of your day is challenging some-
times, but people liked it.” Dachille said in his overall
assessment of the reading group that “Time permitting,
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I would do it again, definitely. I think it’s great.” Stu-
dents who participated in PhASRS as it wrapped into
the fall noticed the time crunch more acutely than those
who participated in the summer. Chin commented on
the stress associated with putting his presentation to-
gether as midterms for other classes loomed in the fall.
“I remember it was really crunched. I was doing it at
the last minute, because PhASRS is kind of like an ‘ex-
tra’ on top of school.” This lack of time was in fact the
biggest reason that students gave that would stop them
from participating again in the program. Some students
were taking more or harder upper-division courses, and
others were concerned about having to apply to graduate
school in the upcoming semester.

IV. SUMMARY AND OUTLOOK

In spite of the time-commitment challenges, the im-
pact on students who participated in the program seems
to have been deep. It certainly energized us as the au-
thors of this manuscript reflecting back on the experi-
ence. PhASRS was created during the beginning of what
we didn’t know then would be nearly two years of isola-
tion. It was created because students and teachers still
wanted to learn together, despite the uncontrollable cir-
cumstances. Our impressions are that in many ways we
succeeded in fostering this learning.

For the student author among us (S.L.J.), the club
acted as a genesis for the author to begin to see herself
as a scientist, to be able to understand scientific papers,
and to be able to communicate scientific knowledge. Be-
ing surrounded by other like-minded students and pro-

fessors made it easy to feel accepted and fostered a sense
of individual confidence. The variety of topics each week
made coming to the club exciting, and was a refreshing
departure from the usual curriculum-based studying.

For the faculty authors among us (A.H. and C.L.S.),
the experience provided a potent illustration of student
potential and talent. A.H. came away from the experi-
ence impressed with the ability of the PhASRS meeting
format to be used as a vehicle for demonstrating that
the world of physics research is far bigger than the typ-
ical undergraduate physics curriculum conveys. C.L.S.
found himself amazed by the level of creativity and lead-
ership that emerged from PhASRS students as they led
group meetings, and he was struck by the durability of
the relationships that the reading group helped form.

As we write up this summary, many of the students
who participated in PhASRS have just recently gradu-
ated from SJSU and are beginning to enter the world be-
yond. A significant fraction of students have elected to
pursue graduate studies in physics. Others have sought
and obtained positions in private industry. It will be
exciting to see where these different career paths lead,
and our hope is that the PhASRS program helped—in
at least a small way—to illuminate possibilities.
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