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The COVID-19 pandemic has greatly impacted every aspect of academic activity, including the informal
education and public engagement efforts of physics departments and institutions. As part of a large-scale
national survey of the landscape of informal physics education programs, we have conducted a series of
short interviews with directors and facilitators for a variety of programs in order to create a snapshot of
whether and how programs have been able to adapt to the challenges and risks of the pandemic. Broadly,
we find that programs are struggling to maintain any activity at all, and that those programs still in operation
have relied largely on the efforts of individual director or facilitators to make substantial adaptations.
Additionally, we find that those programs that have been most successful in maintaining activity benefit
from strong, ongoing institutional support; we present the findings of this study both to complement
existing research on formal spaces and to advocate for the continued support of informal physics education,
which continues to play a crucial role in connecting departments to the public.
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I. INTRODUCTION

The COVID-19 pandemic has deeply strained univer-
sities and colleges as they have struggled to adapt to the
risks of contagion: classes adapted to remote facilitation;
researchers precluded from collaborating in person; service
projects and other extracurriculars in limbo due to shifts in
institutional funding and tuition. Departmental public
engagement is struggling as well, as communities and
departments have prohibited in-person gatherings and
enacted distancing protocols to keep participants safe.
A tremendous amount of effort has, rightly, been expended
to adapt some core departmental activities. Classroom and
laboratory courses have been modified using a variety of
techniques and methods, from fully remote instruction to
hybrid techniques, to complete redesigns of course struc-
tures. Research over the last year has demonstrated impacts
to student learning and attitudes, as well as to mental health
[1–8]. As vaccines begin to roll out and departments begin
to consider how to start building back to normal with the
limited resources at their disposal, important questions
loom: What activities to prioritize? And what activities to
pause, ignore, or cease entirely?

Naturally, formal classroom activity has been and should
be a priority. But what of informal education efforts, those
activities that promote learning outside of the classroom
and often serve for departments as the primary means of
interaction with the local community? In this work, we
demonstrate that institutional support for informal educa-
tion has been comparatively weaker than that for formal
classroom activity and argue that it is in physics depart-
ments’ best interest to treat public engagement and infor-
mal education as a core component of activity while
considering how to recover from the pandemic.

II. FRAMEWORK AND PRIOR RESEARCH

In this work, we follow the National Research Council in
defining “informal education” as that education which
takes place outside of a formal classroom: in museums,
after-school programs, science centers, etc. People of
different ages, ethnicities, and socioeconomic statuses
engage in informal education [9]; in science, technology,
engineering, and mathematics (STEM), and particularly in
physics, it has long been a hallmark for scientists to
facilitate informal learning through public engagement or
“outreach” programs. These programs often play a crucial
role in connecting physics departments to their local
community, and have many well-documented benefits to
public participants [10–13]. They also provide opportuni-
ties for physics students to practice pedagogy and public
speaking [14–19] and to find a sense of belonging in a
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physics community [20], which have implications for
recruitment and addressing issues of representation
[21–24]. Departmental public engagement efforts are often
run by undergraduate and graduate volunteers, student
groups, or by individual staff members; unfortunately,
departmental priorities often relegate informal physics
programs to the fringe of departmental activity despite
these benefits. As we will demonstrate in this paper, the
circumstances under which informal programs operated
pre-COVID are likely untenable in the post-COVID era.
This work complements ongoing research on assessing

the impact of COVID in the formal space, as well as builds
on our ongoing work on the landscape of physics public
engagement in the United States [25,26]. Using a frame-
work from organizational theory, we have directed our
investigation according to three major research questions:

1. What aspects of existing informal physics programs
have been affected by COVID?

2. How have programs adapted to the limitations
imposed by COVID?

3. How are programs looking toward the future?
To answer these questions, we have interviewed lead

facilitators for a subset of informal physics education
programs throughout the U.S. about their experiences
during the pandemic. Using qualitative analysis, we have
categorized ways in which these programs have responded
to the unique challenges presented by the pandemic.
Implications of our findings are crucial for understanding
how to better support these programs and how to prepare
for future operational uncertainties.
In our previous efforts in mapping the landscape of the

informal physics efforts across the nation, we conceptual-
ized the organization theory framework in order to char-
acterize the nature of some (not all) informal physics
activities facilitated by physics institutions (university
departments, national labs, and research centers) [25–29].
For the purposes of this paper, a “program” is an organized
entity with the expressed purpose of conducting public
engagement and a history of implementing efforts or
products to that end. We have operationalized six main
categories of informal physics organizations that contribute
to functionality: personnel (the physics students and
physicists who run the programs), audience (youth and
adult participants), program (content and format of the
main activities), resources (funding, physical equipment,
venues, etc.), institution (connections and support from the
university or center), and assessment (impact measure-
ment). This operationalized framework formed the basis for
a new set of emergent codes reflecting program adaptations
during the pandemic for this work, generated during the
course of interview analysis.

III. METHODS

As mentioned above, this study was predicated in part
upon data from a larger systematic survey of the national

landscape of informal physics education programs [26].
Our goal for this project was to produce a snapshot of that
landscape during COVID—our sample thus consisted
largely of programs we could quickly gain access to.
In August and September of 2020, we conducted and
recorded interviews with 15 program leaders from 14
unique informal physics programs across the country using
Zoom software. Program formats (established in prior work)
included five “presentation” -style programs, such as public
lectures, four “camp” -style programs, three “club” -style
programs such as afterschool programs, and one “festival”
-style program. Nine of these programs were previously
involved in the broader landscape study; six were newly
interviewed for this study. Interviews were transcribed
using voice recognition software and spot checked by
the researchers for accuracy. Prior to analysis, interviewees
and programs were assigned pseudonyms to preserve
anonymity.
In order to build a dataset on both programs’ pre-COVID

activity and their novel or adapted activity during the
pandemic, we modified the original landscape study inter-
view protocol, adding a section with pandemic-specific
questions. Interviews were conducted with either the
complete protocol or the small, COVID-only protocol
depending upon whether the program had been interviewed
before or not, in order to ensure that returning and new
interviewees produced comparable data. Questions in the
new protocol focused on adaptations to programming,
personnel changes, etc. Interviews took approximately
30 and 90 min for returning and new subjects, respectively.
Once the interview data were collected, we coded inter-
views using a set of COVID-specific labels created emer-
gently from analysis of two of the interviews, one from a
returning interviewee and one from a new interviewee.
These COVID-specific codes were then applied across the
rest of the interviews. Codes used are shown in Table I
along with short descriptions. For reliability, two of the
authors coded separate segments of the data from six

TABLE I. The five top-level codes we used in the analysis,
along with a few representative subcodes from each category of
top-level code. These codes were articulated emergently.

Top-level
code Example subcodes

Program Adapted in-person activities; adapted virtual
actvities; new program directions; concerns about
program continuity; new ideas for implementation

Personnel Recruitment or retention problems; facilitator’s
future COVID outlook

Resources COVID impact on partners & partnerships; venue
closures during pandemic; financial difficulties

Institution Changes in institutional support or priorities
Audience Participant risk; changes in the audience

participation; community response to COVID
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interviews and compared coding, discussing, and reassign-
ing, as well as refining the definitions of the codes, until
agreement was reached.

IV. FINDINGS

As expected, our interviews revealed that almost all
aspects of any program’s operation were affected by the
pandemic.

A. Closure and related challenges

At the time of the interviews, seven programs—50% of
our sample—had ceased operation entirely. An exchange
between the interviewer (I) and Kevin (K), a faculty
supervisor for a museum-partnership program, is represen-
tative of the struggles of many of the facilitators we
interviewed:

I: And you can say anything else you want to, of course,
I’d just like to hear how the program’s operations have
been impacted by the recent COVID-19 pandemic.

K: Yeah, I mean, it’s a full stop. And it’s, basically, when
they [the museum] open up again, and they implement
whatever procedures that they need, they will have to
sort of figure it out, I guess.

Institutional concerns about safety—e.g. school district
distancing policies or university restrictions—were the
number one source of program closure. University restric-
tions in particular affected programs with broad audience
ranges, not simply children. Even among those programs
whose community partners were receiving volunteers, the
logistical pressures of maintaining COVID-safe activity
often resulted in the decision to cease in-person activity.
Both operational and nonoperational programs reported
significant financial struggles as well, whether due to
budget or priority shifts at home institutions or lack of
ticketing income. One program manager, Chelsea,
described furloughs at her museum or university-supported
program:

“…all of our student staff, all of our operating costs, our
full time staff… are paid by [Chelsea’s department]—
they’re furloughed. I’m not 100% sure that I’m going to
make it out of this with the job and everything. So I know
that our annual operating budget has actually been cut
by, I think it was, 5% as it was, which is not something
we’ve ever really had to deal with before. Anything that
affects [Chelsea’s department] affects our salaries and
therefore that sort of thing we have, but not our personal
operating budget because we get money through field
trips and ticket sales. And we had to close in our busiest
time. And so all of that money has gone. We aren’t
making any money this year. I am starting to charge for
virtual field trips. And so that’s bringing in some
funding, but not nearly as much as we normally would
have gotten.”

Most public engagement is undertaken by faculty and
students situated within departments and institutions;
many interviewees reported that, due to COVID, they were
scrambling to create online university courses, maintain
activity in other professional areas, or simply trying to
get by. Mark, a faculty advisor for a student-led program
that performs physics demonstrations at local schools,
described his experience: “… so [the program is] run
with student leadership on a volunteer basis. And the
leaders are dealing with their own stresses right now,
having to deal with their classes and their housing… And
that’s something even—making the situation even worse…
even if there were a serious plan to say, ‘We’re going to put
together one really awesome Zoom science show,’ right
now, they don’t have the time to work on it.” Other
challenges to programs’operations included lack of student
volunteers due to shifts to remote learning, lost connections
to community partners, closures of external venues, and
inability to “faithfully” adapt program format to virtual
activity, among others. Interviewees also expressed con-
cerns about future activity and even the fate of their
programs.

B. Adapting programs in response to COVID

The other seven programs in our sample were able to
adapt some online activities for their audience, and one
of those programs had also developed novel outdoor
activities for small groups of students. As expected, given
the progression of the pandemic, most programs had been
unable to access physical venues since mid-to-late March
2020. As with the inactive programs, institutional concerns
such as safety regulations prompted a great degree of
uncertainty for adaptation. Programs also reported scram-
bling to meet the constraints of COVID restrictions without
incurring a substantial lapse in audience engagement.
We observed a wide variety of adaptations to the COVID

pandemic between programs, the most common being the
transformation of in-person activities to virtual activities.
Other examples include public science-on-tap talks adapted
for Zoom; camp-style programs creating kits of equipment
which were shipped to participants for remote facilitation;
and even programs designing completely new curricula
for maker-style museum efforts. Promisingly, we did not
document any examples of programs making adaptations
that failed—that is, every program that attempted adapting
to the constraints of COVID was, at the time of analysis,
still active.
Not all reported impacts of COVID were negative. A few

programs reported positive programmatic changes likely to
persist beyond the pandemic, most notably newly devel-
oped forms of participant or audience engagement. For
example, Hillary, who is the lead facilitator of a camp-
format program with over 40 volunteers, reported that
remote facilitation had enabled her program to engage
students in other states: “…So that was something new that
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we hadn’t really thought about. Before we were so kind of
in our little bubble and focused on that community for so
long, we didn’t realize that our programming could go
nationwide. So that’s something that’s been really excit-
ing.” Hillary also designed completely new protocols for
maintaining social distancing, checking students in and out,
and other safety issues in order to maintain in-person
activity. She noted that her program had actually increased
enrollment: “… I think if anything, we’re probably busier
than we were at this time last year and offering more
classes; we’re really trying to front-load this school year
with as many outdoor classes as we can because of weather
… and then after that, we’re kind of gonna focus on virtual
again, or maybe one-day classes, we have some snow
school curriculum… so we’re looking at that possibly being
an outdoor class.” As we discuss below, this atypical
success story is likely the result of unique institutional
support.

C. Future of program operations

At the time of interviewing, most programs did not have
a strong sense of when operation would return to its pre-
COVID “normal.” Most facilitators reported skepticism
about a return to traditional operation, even those that had
planned in-person events. Some programs expressed hope
of re-opening programs fully by 2021—however, as of
February 2021, we are not aware of any programs that have
returned to full operation, including those programs that
explicitly planned for it. Programs’ ambiguous outlooks on
future operation resulted in a variety of hypothetical
opening scenarios: opening up physical spaces for smaller
groups of people while following state safety orders;
special events for first responders, eventually opening to
very small subsets of the public; waiting on partners and
venues for opening decisions; holding events outdoors;
utilizing surveys to get a sense of participant or audience
interests and levels of concern; and others. Figure 1
summarizes the various outlooks reported by the programs
we studied.

V. DISCUSSION

In dealing with the challenges and risks presented by
program operation during COVID, a pertinent question
is which factors have allowed some programs to thrive
while others close their doors. Crucially, among our study
population, those programs who have most successfully
adapted have been those with institutional flexibility and
strong, systemic support. Additionally, program directors
were observed to have an outsized role in harnessing these
resources, when they existed, to maintain or grow program
activity, either leading efforts or enacting changes com-
pletely on their own, and, most notably, spearheading
efforts to increase program capacity.
Hillary’s program in particular stands out as an example

of success, having actually increased its operation and
having been the only program to have returned to in-person
activity during the pandemic. Hillary’s co-leader, Alice,
who was also interviewed, described the program’s posi-
tionality within its institution: “I would say, before COVID,
in a general year, on average … about 60% of our funding
came from [admissions in] the summer program, about
20% came from grants and gifts … and then another 20%
from the Division of Continuing Education [at Alice and
Hillary’s large R1 University]. I would say, generally, it
would be about 60/20/20. This year, obviously, our
revenues were down for our summer programs, because
we were able to offer a lot less. And so Continuing Ed
helped to support some of that difference from what we had
initially budgeted.”
The implication here is striking, if not wholly unex-

pected: strong institutional support has not only played a
crucial role in programs’ ability to survive the pandemic,
but has served as a foundation for programs to build novel
systems for successful operation postpandemic. Ellen, an
R1 faculty involved in a museum-based research-practice
partnership program, described how, despite a full stop in
museum admissions, support from an NSF grant had
allowed her to maintain support for some of her activity:
“So they’re kind of down to a skeleton crew. Once [the
museum] opens again, hopefully, they’ll be able to rehire
people. But right now, they’re a skeleton crew. And we’re
paying them as much as we can out of the NSF grant.”
Ellen also described how this support enabled her to

continue activity and create program content that could be
shared with new populations of students who would
normally be out of range to visit her partner museum.
Hillary and Alice similarly described how the lower-
stimulation remote environment produced more positive
outcomes in students with behavioral difficulties. Both
programs hope to maintain these new developments post-
COVID. Other programs described adaptations catalyzed
by the pandemic as well, in some cases building on pre-
COVID interests in these innovations. Again, however, the
most successful adaptations were those from programs with
strong, centralized institutional support.

FIG. 1. Counts of programs in our sample whose lead facil-
itators reported concerns about their current and future status.
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In contrast, those programs without full integration into
their institutions’ organizational structure were most likely
to report struggling or complete closure. These programs,
like Kevin and Chelsea’s above, were not even always
certain that they would be able to reopen after COVID. Not
only would this outcome represent a tremendous loss of
immediate value to the public and the participants programs
hope to serve, it also seriously undermines departments’
efforts to enrich students. As mentioned above, informal
programs improve students’ ability to engage in science
fluently in science communication, their perception of the
purpose of public engagement, and even their content
knowledge [14,24,30,31]. Participation in these programs
is a crucial way for students to gain facility with peda-
gogical techniques; these efforts are, again, also often the
primary way in which departments interact with the
community. Like any relationship, departmental relation-
ships with local communities must be maintained to
survive. Additionally, programs frequently fill their ranks
primarily through word-of-mouth recruitment among stu-
dents [24]. Although it may be tempting, as departments
assess how to recover from the turmoil of the pandemic,
to deprioritize public engagement as ancillary activity, we
exhort departmental leaders to consider the fact that,
without ongoing support, programs risk dissolving
entirely—and with them, our connection to the very
populations we wish to serve through public engagement.

VI. CONCLUSIONS

Unsurprisingly, and yet worth emphasizing again: strong
institutional support is, as seen here, a crucial component of
informal physics programs’ ability to weather the storm of
COVID and emerge from the pandemic poised to bounce
back stronger than before. We therefore return to a question
posed in Sec. I: How should departments prioritize resource
allocations as they recover from this catastrophe?

Given the crucial role that informal physics programs
play in training departmental students in pedagogy,
shifting departmental culture, changing attitudes and
beliefs about science and public speaking for both
department members and external participants, and—most
importantly—connecting departments to the communities
they live and work alongside every day, we implore
institutional leaders to consider the findings of this study
as they decide how to restructure and support public
engagement moving forward.
With some of the programs we interviewed having

stopped activity for a year or more, many program directors
are anxious about whether their departments and institutions
will consent to funding activity in the future at all; subjects
also reported anxiety about whether audiences would be lost
entirely if programming could not keep up momentum.
While we acknowledge that not every department or
institution has the level of support of, e.g., an NSF-funded
program, and are not advocating for supporting informal
learning at the expense of other core departmental efforts in
classrooms and labs, we urgently suggest that departments
view their informal programs as exactly that—core elements
of their mission. Without support, informal physics pro-
grams may not survive the pandemic, and with them would
die one of the most important and historical ways that
departmental scientists engage with the world they inhabit.
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