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Abstract

The pursuit of knowledge in particle physics requires constant learning. As new tools become
available, new theories are developed, and physicists search for new answers with ever-evolving
methods. However, it is the case that formal educational systems serve as the primary training
grounds for particle physicists. Graduate school (and undergraduate school to a lesser extent) is
where researchers learn most of the technical skills required for research, develop scientific problem-
solving abilities, learn how to establish themselves in their field, and begin developing their career.
It is unfortunate, then, that the skills gained by physicists during their formal education are often
mismatched with the skills actually required for a successful career in physics. We performed a
survey of the U.S. particle physics community to determine the missing elements of graduate and
undergraduate education and to gauge how to bridge these gaps. In this contributed paper, part of
the 2021-22 Snowmass Community Planning Exercise, we report the results of this survey. We also
recommend several specific community actions to improve the quality of particle physics education;
the “community” here refers to physics departments, national labs, professional societies, funding
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agencies, and individual physicists.

EXECUTIVE SUMMARY

1. Finding: Survey respondents are mostly satisfied

with their graduate education (Section IIIA) and
feel relatively well-prepared for careers in academia
or in laboratories (Section IIID). However, per-
ceived preparation is moderate for careers in
industry and worse for K-12 education, including
among those who intend on these non-academic
careers (Section IIID).

Recommendation: Graduate programs in par-
ticle physics should normalize training for indus-
try positions via encouragement of industry part-
nerships (such as summer research internships)
and formal development of skills in-demand be-
yond academia (such as computer programming,
team/project management, and effective commu-
nication).

. Finding: Survey respondents were most likely to

be interested in academic careers when starting
graduate school, though a sizeable number have
since changed career intention to laboratory,
industry, or other careers (Section ITIB). Further-
more, a sizeable number of survey respondents
report changing intention from HEP theory to
HEP experiment (Section IITC). Lack of positions
and/or funding were often cited as the reason for
this.

Recommendation: Universities should provide
undergraduate students with a more complete pic-

ture of what particle physicists do beyond class-
room discussion of physics theory, such as increased
opportunities for learning about research (e.g. sem-
inars). They should also provide a more realistic
view of common career paths post-PhD in particle
physics, including the breakdown of theory and ex-
perimental academic positions as well as the com-
monality of shifting to a non-academic career (e.g.
through job panels). This could help students make
a more informed decision about what to study in
graduate school and whether such a choice aligns
with their goals.

. Finding: Professional skills, such as technical

presentations and scientific writing, are considered
important for one’s career and are more strongly-
correlated with reported career preparation than
technical skills such as computer programming
(Section IITE1, IIIF). However, they are very
frequently gained through self-teaching rather than
through any sort of training, including peer learn-
ing or mentoring; this self-taught mode is largely
disfavored by respondents, while alternative modes
such as university courses are more highly-rated.
There is some evidence that physicists are being
more formally trained in these skills over time,
though this effect is small.

Recommendation: Graduate programs in parti-
cle physics should support more formal modes of
training for those skills where self-teaching is inad-
equate, in favor of the preferred mode as indicated
in Table III. As many of these professional skills
are equally useful throughout physics disciplines



or even other scientific and non-scientific fields,
this could take many forms such as university-wide
workshops, one-on-one coaching sessions, or shared
online resources. It is critical for advisors or pro-
gram coordinators to make their students aware of
such resources and to actively encourage their use
as part of their graduate training (and not a “free
time” activity).

. Finding: Despite receiving high career im-
portance ratings, computer programming and
statistics remain somewhat likely to be learned
through self-teaching or peer learning (Sec III E 2).
Among theorists, theoretical mathematical skills
were also somewhat commonly received through
these methods (Sec IITE3). There is evidence
that these methods are poorly rated, especially
for statistics, while learning through a university
course is rated well.

Recommendation: Physics departments should
consider making a course in statistics a standard
part of the undergraduate physics curriculum, as
well as providing avenues for formally training
graduate students in statistics for particle physics.
More formal training opportunities should also be
made available for advanced theoretical skills, in-
cluding opportunities outside of the classroom such
as virtual workshops which are free to attend.

. Finding: Only a small subset of survey respon-
dents were undergraduates. We were unable to
provide deeper analyses of undergraduate course
preparation and career paths due to lack of survey
participants.

Recommendation: Funding agencies and profes-
sional societies should develop connections and net-
working opportunities - including student oriented
conferences - to help undergraduate students re-
main connected in the HEPA community. Develop
a mass communication system to reach undergrad-
uates in the future. Community members should
actively plan to perform this survey again in the
future for undergraduate data once the communi-
cation barriers listed in other findings are rectified.

. Finding: None of the survey respondents who
self-identified as undergraduates reported research
experience in an REU or DOE sponsored lab
internship. Most undergraduates participating in
this survey came from R1 research institutions.

Recommendation: funding agencies and na-
tional labs should compile a list of contact infor-
mation for recent undergrad students in internship
and REU programs. Create a central mass com-
munication system for physics departments across
a variety of college or university types.

I. INTRODUCTION & MOTIVATION

By the most recent metrics [1], the U.S. conferred just
under 2000 physics PhDs in 2019, or 3% of all PhDs
awarded in the U.S.. Of those, roughly 15% were in ‘par-
ticles and fields’, 15% were in ‘astronomy, astrophysics,
and cosmology’, and 7% were in ‘nuclear physics’. These
graduate students make up a substantial portion of the
high energy physics and astrophysics (HEPA) commu-
nity.

In order to understand the current particle physics ed-
ucational climate and accurately conclude how to best
improve it, we have conducted a survey of the parti-
cle physics community aimed at addressing the status
of said curriculum at the undergraduate and graduate
level. We have considered the extent to which factors
such as a scholar’s institution type (public, private, etc.),
training and skills (academic, professional, and techni-
cal), and satisfaction are linked to their preparation for
a career in particle physics. We have also considered
how students are being prepared for careers outside of
traditional academia or lab-based professions. We did
this to inform physics programs of important missing el-
ements in particle physics preparation for their students
to be successful—whether it be in an academic, private,
or industry-related job sector. This project was com-
pleted as part of the 2021 Snowmass Community Plan-
ning Exercise (“Snowmass”), a decadal process in which
the U.S. particle physics community builds a 20-year vi-
sion of the future of particle physics. Details can be found
at https://www.snowmass21.org/. This paper and the
accompanying survey are housed within the Community
Engagement Frontier of Snowmass, in Topical Group 4:
Physics Education.

A. Context

In a survey of initial post-degree employment of grad-
uate physics students conducted by the AIP Statistical
Research Center [2], 49% of respondents reported that
they had entered the academic sector, 32% had entered
the private sector, and 15% had entered the government
sector. Without a detailed breakdown of these statis-
tics by sub-field, we must assume that HEPA aligns with
these data. Those physicists who moved out of physics
or astronomy for their initial job primarily moved to en-
gineering (19%), computer software (15%), data science
(13%), or other STEM (8%).

When the same survey was presented to undergraduate
researchers, only 48% of respondents reported that they
had entered graduate study, and only 65% of those new
graduate students had remained in physics (other topics
were dominated by engineering, but also included com-
puter science, mathematics, and education). Those who
did not enter graduate school after their Bachelor’s re-
ported employment in engineering (35%), computer soft-
ware (24%), non-STEM (22%), and STEM (15%) jobs.


https://www.snowmass21.org/

Physics departments, even if they do not know this, are
training students who will exit academia and enter indus-
try. Are our topics of learning reflecting this pathway?
Are we training our students to perform in environments
that aren’t academia, even if these same students were
heavily involved in HEPA collaborations during their ed-
ucation?

We encourage readers to review the data on knowledge
and skills used by recently graduated undergraduate [2]
and graduate [3] physics students as compiled by the ATP
Statistical Research Center. We would like to highlight
the following:

e Recent physics PhDs who moved into postdoctoral
positions identified several common technical skills
used ‘daily or weekly: advanced math (>60%),
advanced physics principles (>75%), programming
(>75%). Recent physics PhDs who moved into aca-
demic, non-postdoctoral positions used the above
skills less frequently.

e Recent physics PhDs who moved into postdoc-
toral positions identified several common interper-
sonal skills used ‘daily or weekly’: work on a team
(>75%), and technical writing (>50%). More than
75% of respondents who moved into academic, non-
postdoctoral positions also reported workfing] on a
team daily or weekly, but also reported frequent
use of skills relating to speaking publicly (>50%)
and teaching (>75%).

e More than 50% of recent physics PhDs that moved
to industry (in physics, engineering, and computer
science) reported using technical writing ‘daily or
weekly’. These same respondents also reported
that they used the following daily or weekly: solve
technical problems (>75%), programming (>75%),
advanced physics principles (>75%), and advanced
math (>50%)

e Recent physics bachelors that moved to industry
identified several common skills as used ‘daily or
weekly’.  These skills are probably familiar to
those of us in academic careers — work on a
team (>75%), solve technical problems (>75%),
and technical writing (>50%) overlap strongly with
what we expect academic or laboratory profession-
als to have proficiency in.

While the survey evaluated for this article did not tie
satisfaction in graduate education to any particular vari-
able, it is useful to acknowledge that the AIP Statistical
Research Center did ask if recent physics PhDs felt that
their advisor was helpful in career planning or advance-
ment. 84% of those in postdoctoral positions felt that
their advisor was ‘helpful’ or ‘very helpful’, compared
to 54% of those in potentially permanent positions. This
was attributed to the resources available to university fac-
ulty advisors, such as “networking opportunities and col-
laboration with colleagues at other universities” [3]. This

Attitudes Concerning Getting a Physics PhD by Employment Type,
Classes of 2015 & 2016 Combined

Would you get Potentially Other
your Physics PhD Postdoc Permanent = Temporary Unemployed
again? (%) (%) (%) (%)
Yes, at the same
institution. g0 >8 42 38
Yes, at a different . 17 2 )
institution. 0 0
No, | would get a
PhD in a different 8 15 i5 16
subject.
No, | would not
’ 6 10 22 27
getaPhD
100% 100% 100% 100%

Data only include US-educated physics PhDs who remained in the US after receiving their degrees. Figure is based on the responses to the
question: “If you had to do it over again, would you still get a PhD in physics?” Columns may not add to 100% due to rounding.

AP Statistics aip.org/statistics

FIG. 1: Data from AIP Statistical Research Center
from [3] on US-educated Physics PhDs from classes of
2015 and 2016, asked if you had to do it over again,
would you still get a PhD in physics?. This lends
credibility to the discussion of subfield and career
trajectory changes in sections IIIB and IIIC.

suggests that HEPA advisors should avail themselves of
the available resources to mentor students who do not
intend to follow an academic trajectory, and not rely
on these students to find their own ways. Additionally,
the AIP survey also asked if students would repeat their
experience in graduate education, which ties in closely
with the discussion on switching career paths (see section
ITI C). We include their results verbatim in Figure 1.

B. Review of Literature

Irving and Sayre (2015)[4] studied the development
of a “physics identity” (the concept of “being a physi-
cist” and the student’s perspective of their ties to the
field), which ties strongly with persistence in physical
science [5, 6]. Specifically, they looked at this devel-
opment through the lens of “communities of practice”,
which as defined in [4] include physics classrooms, aca-
demic departments, laboratory divisions, and HEPA col-
laborations. The categories tied with a physics identity
include “doing research” (including development of re-
search as a PI), “mastery of the [research] subject”, and
“mastery of the [curriculum] subject”. They note specif-
ically that students who perceive themselves as lacking
in these skills perceive themselves as not being “internal
members” of the community of practice. Later interviews
with the same students revealed development towards
their physics identity was strongly tied with involvement
in research. This suggests that skills developed in the
modalities “in a course organized outside of the class-
room”, which may include summer schools and HEPA



collaboration workshops, and “mentoring or peer learn-
ing” (discussed in detail in Section IIT E) should produce
stronger ties with physics identity and lead to persistence
in physics.

In a review of the PhD Plus 10 Study [7], a study
from the AIP Research Center of Physics PhDs 10 years
after their degree, physicists reported that success was
attributed not only to “personal drive”, but also to ex-
perience in basic & advanced physics and mathematics,
experience in research, the ability to change employment
(including away from academia), and social support in
the form of physics collaborations and mentoring rela-
tionships. Among the skills listed as critical were tech-
nical communication to scientific and non-scientific au-
diences, teaching, mentoring, programming, and grant
writing — all skills that we discuss later in this article
(Sec IITE 1).

The authors would like to emphasize that one of the
most frequent reported barriers to careers post-PhD was
“issues with education experience”. Namely, we repeat
these quotes verbatim from [7]:

“Graduate training in physics leaves most
students with advanced degrees unprepared
for the jobs most will eventually end up
with.”

“Lack of understanding of job options coming
out of graduate school.”

“Lack of experience in the fields outside of
Physics.”

When considering the development of curriculum within
the HEPA community, are we most adequately serving
the students that report these kinds of issues?

The concept that academic institutions are failing to
prepare Physics PhDs for industrial positions is not a new
problem. In fact, in a report to the American Physical
Society by their Economic Concerns Committee in 1971,
the following recommendation was made:

In the next decade a larger share of the jobs
for PhD physicists will have to come from
outside the educational institutions. To this
end programs to increase the involvement of
the physics community in industry must be
encouraged and stimulated.... Physics de-
partments must reexamine their training pro-
grams especially for careers for which few em-
ployment opportunites exist. Is it too much
to ask that a physicist who gets a PhD in ele-
mentary particle physics demonstrate a com-
petence in research in an unrelated physics
area?.... We should advise [students] towards
a well-grounded preparation in fundamentals,
carried through with the broadest of attitudes
and the widest of visions. We expect that a
physics training based on such a foundation,
however narrow may be the thesis topic, will
better prepare a [physicist] for a future scien-

tific career than would any alternative train-
ing.

Grodzins (1971) [§]

If it is true that we as the HEPA community must train
our undergraduate and graduate students for careers be-
yond the (commonly thought of as) traditional academic
pathway, a) are we doing it enough and b) are we doing
it in the right way?

We also point readers to [9], another paper within the
auspices of Snowmass. In that paper, the Working Group
on Career Pipeline and Development analyzed the results
of a survey targeted at early-career physicists (a separate
survey than the one presented here), focusing on how to
support physicists who transition out of HEPA. Factors
for this career transition were identified, including avail-
able positions, salary, and burnout. The paper also in-
vestigated the best strategies to support physicists who
make the transition—mentorship from older physicists,
communication of available jobs, and permission to en-
gage in non-academic projects and internships. These
opportunities should be especially available at key career
transition points, i.e. after finishing a degree or other
position. As we will discuss in Sections IIID and IITF,
training junior scientists during graduate school is an-
other important method to support those who go to in-
dustry (even before they might have decided to make the
transition).

Finally, we highlight a recent study in physics ed-
ucation research supporting the development of skills
in informal physics programs: namely, that students
who participated in the development of K-12 outreach
events reported increased development of “21st cen-
tury career skills” like communication, network, and de-
sign [10]. This supports the hypothesis put forward
by this work that such skills, and also the concept of
‘physics identity’, are often developed outside of stan-
dardized coursework. The authors would also like to
note that comparisons of teaching modalities like self-
directed, community-directed, or formal coursework are
hard to come by. This is likely due to the breakdown be-
tween these sectors when considering what is necessary to
succeed in a classroom versus a HEPA collaboration, and
which skills each community believes they are responsible
for.

II. SURVEY METHODOLOGY

The survey discussed in this work can be found in Ap-
pendix A. It was conducted on the Qualtrics platform’

1 The survey for this paper was generated using Qualtrics software,
January 2022 Version of Qualtrics. Copyright (©) 2022 Qualtrics.
Qualtrics and all other Qualtrics product or service names are
registered trademarks or trademarks of Qualtrics, Provo, UT,
USA. https://www.qualtrics.com



Number of Responses Percent of Responses

Undergraduate Student 24 6.7
Graduate Student 93 26.1
Postdoctoral Researcher 56 15.7
.. Tenure-Track Faculty 19 5.3
Current Position Tenured Faculty 88 24.6
Research Staff® 69 19.3
Technician/Engineer® 8 2.3
Public University 150 42.0
Private University 102 28.6
National Laboratory 116 32.5
Affiliated Institution(s) Liberal Arts College 15 4.2
Community College® 1 0.3
For-Profit Institution” 4 1.1
Other (e.g. CERN)® 5 1.4

TABLE I: Demographic makeup of survey respondents. Categories with fewer than 10 members are either (a)
combined with other categories, or (b) excluded from deeper correlation analysis to avoid identification of
respondents. Respondents were able to select more than one affiliated institution.

for 22 days, starting on 14 February 2022. Survey links
were sent out to Snowmass email lists and major particle
physics collaborations and publicized on the Snowmass
Slack workspace. A total of 422 responses were started;
357 responses were finished and included in the results
printed here. Two responses were flagged as potential
bots by the Qualtrics RECAPTCHA algorithm but were
ultimately included after manual review. Due to con-
straints with local human research ethics protocols?, re-
spondents were required to acknowledge that they were
currently within the United States, so this survey does
not include those who might be affiliated with institu-
tions outside of the U.S..

Current position and affiliated institution(s) were the
only demographic information collected; these data are
summarized in Table I. Categories with fewer than ten
(10) respondents were either combined with other cate-
gories (e.g., “Technician/Engineer” was combined with
“Research Staff”) or excluded from deeper correlations
(“Community College”, “For-Profit Institution”, and
“Other (e.g. CERN)”) to avoid identification of respon-
dents.

Respondents were required to list their current position
in order to process their participation correctly, but oth-
erwise most questions were optional. As such, the num-
ber of respondents who answered each question varies;
attempts have been made to include the number of re-
spondents displayed in each table and chart.

2 UC Berkeley CPHS protocol number: 2022-01-14952

A. Limits on this analysis

The survey was primarily directed to the Snowmass
community and was therefore advertised on General,
Early Career, and Community Engagement spaces. It
was also sent out to roughly fifty experiment collabora-
tions in HEPA and six national laboratories with instruc-
tions to forward the survey to their respective list-servs.
While this does roughly cover the target population, we
must refrain from overgeneralizing these results to pop-
ulations beyond Snowmass and those actively involved
in either HEPA experimental collaborations or national
laboratories. Specifically, this population is limited in
both theory-focused scholars (demonstrated most starkly
in Section ITTE 3) and those who have left academic col-
laborations for industry focused careers (clearest in Sec-
tions III B and IIIC).

The number of participants was relatively high com-
pared to other Snowmass surveys (357 completed re-
sponses) but is still a low number compared to the total
community population. For reference, this is the same
order of magnitude as the 488 U.S.-based authors on the
ATLAS collaboration alone [11] and is about 7% of all
registered users on the Snowmass2021 Slack workspace®.

This survey also did not collect demographic data be-
yond position and affiliated institution, due to the limits
on our human subjects research protocol. It is well known

3 It is unlikely that all Snowmass2021 Slack workspace users are
active in the Snowmass Community Report process, and there
are likely scientists involved in the process who are not on Slack,
but the population of registered users is certainly a better esti-
mate of the size of the HEPA community.



that minoritized populations experience STEM commu-
nities differently, both inside and outside of the class-
room [12-19], which this survey cannot account for. Fur-
ther study is needed at the graduate level to understand
the most impactful methods of learning across identity
groups to prepare them for careers within and without
the HEPA community.

There are also a few areas for improvement in ques-
tion wording. First, a Qualtrics error resulted in the
accidental exclusion of an “Other” option for career posi-
tion, which likely excluded non-tenure-track faculty. Sec-
ond, in the final question of the Undergraduate Educa-
tion survey, we accidentally listed the number 6 twice for
self-reported career preparation. We expect that few re-
spondents would have been confused by this, because the
question layout makes the intention obvious. Third, we
asked survey respondents to rate the importance of var-
ious professional, technical, and mathematical skills in
their career, but we only asked respondents who had not
received these skills in formal schooling. It would have
been more useful to ask all respondents this question.

Finally, the main limit to this survey that we must ac-
knowledge is that this project was designed and analyzed
by students and postdoctoral researchers in physics. Our
expertise in human behavior is limited, and this skewed
both our development of the survey as well as our anal-
ysis. We detail a set of ‘lessons learned’ in section V C.
The authors propose that this survey should not be used
as the definitive work in this area, but rather a launching
point for further discussion into the modalities of learning
in HEPA communities.

III. GRADUATE EDUCATION RESULTS

All respondents who did not select “Undergraduate
Student” in the first question, “What position do you
currently hold?”, were shown the Graduate Education
version of the survey. This means that 333 Graduate
Education responses were collected, as shown in Table I.
In this section, when we refer to ‘all’ participants, unless
otherwise indicated, we mean these 333 respondents.

We collected a variety of ratings for satisfaction with
graduate education, preparation for career, and skill
modalities. We then compared these to other quanti-
ties such as demographic information (position and cur-
rent institution affiliation) using the Chi-square (x?) test
of independence, e.g. with null hypothesis H(0) = ‘re-
sponse does not depend on position / current institute
affiliation’. Unless otherwise noted, p-values refer to this
test.

We also quantify the strength of correlation in certain
studies (e.g. Section IITF) using Kendall’s Tau [20], as
it is a suitable metric for ranked categorical data where
intervals between categories may not be equal. We note
that the numerical value of 7 is smaller than that of other
correlation coefficients such as the standard linear corre-
lation coefficient (Pearson’s R); to help in the interpre-
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FIG. 2: Satisfaction with graduate education for all
post-undergrad respondents. Overall satisfaction is
shown in blue, particle-specific in orange. Quartiles are
also presented.

tation of these values, we take a range of 0.1 < |7| < 0.2
to indicate a weak correlation, 0.2 < |7| < 0.3 to be
moderate, and |7]| > 0.3 to be a strong correlation.

A. Satisfaction with Graduate Education

To understand perceptions of overall graduate educa-
tion, all respondents were asked “How satisfied do you
feel with your graduate education in physics?” and then
“How satisfied do you feel with your graduate education
in particle physics?”.

Ratings were generally positive across all current posi-
tions, with median ratings of ‘somewhat satisfied’ across
all respondents (Figure 2). When broken down by po-
sition (Figure 3), tenured faculty were statistically more
likely than other groups to rate their overall and particle-
specific graduate education as ‘extremely satisfied’ (p =
0.01, p < 0.01 respectively). Graduate students were
statistically more likely than other groups to rate their
overall graduate education as ‘somewhat satisfied’ (p <
0.01), but were also more likely than other groups to rate
their particle-specific graduate education as ‘somewhat-
dissatisfied’ or ‘neither satisfied nor dissatisfied’ (p <
0.01).

No relationship between current institution and satis-
faction with overall or particle-specific graduate educa-
tion was found (Figure 4).

When compared to current sub-field, the only signifi-
cant relationship was that respondents who identified as



—— overall rating particle-specific rating

Graduate Student
N=81

Postdoctoral Researcher
N=48

Research Staff
N=60

Tenure-track Faculty
N=17

Tenured Faculty
N=78

FIG. 3: Satisfaction with graduate education as a
function of current position. Overall satisfaction is
shown in blue, particle-specific in orange. Quartiles are
also presented. The bolded categories are those for
which there is a statistically significant relationship
between categories and rating (p < 0.05 in a x? test of
independence).

working in ‘Gravity, astrophysics, and/or cosmology ex-
periment® were more likely than the other groups to rate
their particle-specific education as less-than-satisfying
(p < 0.01), as seen in Figure 5.

B. Career Goals in Graduate School

In an effort to identify the pipeline of respondents
through their academic experience, all respondents were
asked: “What was your intended career goal when start-
ing grad school?”, and junior respondents were asked
“What is your intended career goal mow?”. Results
were compiled into six categories: ‘Academia’; ‘Indus-

—— overall rating particle-specific rating

Public University, PhD-granting institution
N=133

Liberal Arts College
N=12

MNational Laboratory
N=101

FIG. 4: Satisfaction with graduate education as a
function of current institutional affiliation. Overall
satisfaction is shown in blue, particle-specific in orange.
Quartiles are also presented. No statistically significant
relationship was found.

try’, ‘Laboratory’ (both national labs and private labs),
‘Teaching K-12’, ‘Not Sure’, and ‘Other’ (with opportu-
nity for text entry). For senior respondents, their career
goal was assumed to be their current position — see sec-
tion V C for comments on this choice.

Flowcharts for junior and senior respondents are in-
cluded as Figure 6. The authors note that this survey
suffers from survivorship bias: based on the style of dis-
tribution, both postdoctoral researchers and senior re-
spondents are predominantly from academic or labora-
tory institutions, and therefore are less likely to respond
that their career goal was or is industry.
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FIG. 5: Satisfaction with graduate education as a
function of current sub-field (graduate students and
postdoctoral researchers only). Overall satisfaction is
shown in blue, particle-specific in orange. Quartiles are
also presented. The bolded categories are those for
which there is a statistically significant relationship
between categories and rating (p < 0.05 in a x? test of
independence). HEA Theory not included due to small
sample size. Further discussion of sub-field in

Section ITIC.

Academia

Academia

Industry
Industry |
Laboratory
Laboratory
Not sure
Not surel
+ Other
Teaching K-12+ + Teaching K-12

(a) Graduate Students

Academia

Academia

Laboratory
Laboratory
Not sure
Not sure|
(b) Postdoctoral Researchers
Research Staff
Academia
Tenure-track

Industry |

Laboratory

Not surel

Other-
Teaching K-12-

(¢) Tenure, Tenure-Track, and Research Staff

FIG. 6: Flowcharts of “career intended when starting
graduate school” (left) vs “current career intention”
(right). Information is split between graduate student,
postdoctoral researcher, and senior scholars (for the
latter, their current position was considered their
“current career intention”). Note that the survey
population suffers from survivorship bias, so we do not
expect a significant number of “industry” responses
from postdoctoral researchers or senior scholars.



Survey Option

Results Label

High energy, nuclear, and/or particle theory HEP Theory
High energy, nuclear, and/or particle experiment HEP Experiment
Gravity, astrophysics, and/or cosmology theory HEA Theory
Gravity, astrophysics, and/or cosmology experiment HEA Experiment
Other (please describe) Other

(a) Recategorization of Subfield Labels

HEA Experiment| | HEA Experiment

HEA Experiment HEA Experiment

HEA Theory|

HEA Theory |

HEP Experiment HEP Experiment

HEP Experiment HEP Experiment

| HEA Theory
| HEA Theory
HEP Theory
HEP Theory HEP Theory
HEP Theory
Other | . Other Other| | Other

(b) Graduate Students (c) Postdoctoral Researchers
FIG. 7: Flowcharts of “sub-field intended when starting graduate school” (left) vs “eventual sub-field” (right).
Information is split between graduate student and postdoctoral researcher. Majority HEP Experiment is expected

due to population of respondents, but we note the transition from theory to experiment that is not mirrored in the
other direction.



Nevertheless, Figure 6a demonstrates that a not-
insignificant portion of the graduate student respondents
intend to pursue an industry career, which suggests that
the skills that graduate students learn within the HEPA
community are being exported to industry careers. Addi-
tionally, there is quite a bit of movement from ‘Academia’
to both ‘Industry’ and ‘Laboratory’. These findings are
supported by statistics from the Snowmass 2021 Commu-
nity Survey Report, which suggested that postdoctoral
researchers were likely to apply for industry positions in
STEM at least in part due to availability of industry jobs,
work enviroment, and overall interest [21].

C. Sub-field Preferences

Junior respondents (graduate students and postdocs)
only were asked: “When starting grad school, what was
your intended area of research?” and “What is/was your
eventual type of research in grad school?”. Available op-
tions are listed in Figure 7a. For those who responded
‘Other’, a short textbox was provided. Additionally, par-
ticipants were offered the opportunity to explain their
sub-field switch, if they desired to. 129 participants re-
sponded to these questions. Flowcharts derived from
these results are presented in Figure 7.

About one quarter of the respondents reported that
they changed their sub-field during graduate school. Of
the respondents who offered a reason for their field
switch, two thirds discussed the lack of positions and/or
lack of funding in their desired sub-field, with specific
discussion of the lack of funding for HEPA Theory. A
further third mentioned their advisor was the reason for
the switch: either moving away from a poor advisor, or
towards a better one. We also note that switches from
theory to experiment were much more common than from
experiment to theory (both within HEA and HEP, and
between the two).

The respondents who responded ‘Other’ for prelimi-
nary subfield responded that they switched to HEPA
from the following physics subfields: condensed matter
(54%), biophysics (18%), and undeclared (18%).

D. Career Preparedness

Respondents were asked “On a scale of 1 to 7, how
well do you feel graduate school prepared you for the fol-
lowing career paths: College or University Position, Na-
tional/Private Laboratory Scientist, Industry Job, Teach-
ing K-12%9”. Data for all respondents can be found in
Figure 8. Respondents percieved themselves as moder-
ately prepared for careers in academia, laboratories, and
industry, but felt unprepared for teaching K-12.

Responses were separated by current position, current
affiliation, and intended career path (the latter only con-
sisting of graduate students and postdocs). These data
can be found in Figures 9, 10, and 11, respectively. When
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FIG. 8: Preparation for given career across all
respondents. When compared to preparation for
academia or laboratory careers, respondents rated their
preparation for industry and teaching K-12 significantly
lower (p < 0.01). Quartiles are also presented. Further
discussion of preparedness in section II1D.

compared to preparation for academia or laboratory ca-
reers, respondents rated their preparation for industry
and teaching K-12 significantly lower (p < 0.01). No
statistically significant relationship was found between
preparation and current affiliation. No statistically sig-
nificant relationship between career goal and preparation
for that career could be reported due to small sample size.
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FIG. 9: Preparation for given career as a function of
current affiliation. Quartiles are also presented. The

bolded categories are those for which there is a

statistically significant relationship between categories

and rating (p < 0.05 in a x? test of independence).
Further discussion of preparedness in section IITD.
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Current Affiliation
= Public Univ, N=133 —— |aboratory, N=101
—— Private Univ, N=91 —— Liberal Arts, N=12

Prep for Academia
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FIG. 10: Preparation for given career as a function of
current affiliation. Quartiles are also presented. No
statistically significant relationships were found.
Further discussion of preparedness in section IITD.
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FIG. 11: Preparation for given career as a function of
intended career path (graduate students and
postdoctoral researchers only). Quartiles are also
presented. No statistically significant relationships could
be reported (and data for those intending to pursue
K-12 teaching are not reported) due to small sample
size. Further discussion of preparedness in section IITD.

When analyzed as a function of position, preparation
for academia was rated significantly higher for faculty
(tenure-track and tenured) (p < 0.01) and significantly
lower for graduate students and postdocs (p < 0.01) when
compared with other groups. Preparation for laboratory
positions had the same relationships, but only the lower
rating from graduate students was statistically significant
(p < 0.01). Interestingly, Research Staff did not feel sig-
nificantly more prepared for their current position com-
pared to other groups (p > 0.9). All groups felt equally
“moderately prepared” for careers in industry.

Although we could not report statistically significant
relationships for preparation as a function of career in-
tent (due to small sample size), there are some interesting
trends. Graduate students and postdocs who intended to
pursue a career in academia reported that they felt al-
most equally prepared for academic and laboratory jobs.
Those who wanted to pursue a career at a laboratory or in
industry reported that they were prepared for laboratory
jobs, but not for industry. Finally, junior respondents felt
only “moderately prepared” for a career in industry, even
if it was their chosen career path.
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E. Professional, Experimental, and Theoretical
Skills

Survey respondents were shown three sets of skills that
one might expect to use in a particle physics career: nine
professional skills, six technical skills most likely to be
used by experimentalists, and five mathematical skills
most likely to be used by theorists. The skills are listed
in the Appendix and most plots in this section. For each
skill, respondents were asked: “For each of these topics,
please state if you received any experience in it during
your own undergraduate + graduate education.” This
question was mandatory.

If the respondent answered “Yes”, they were asked
two further questions. First, “For each of these topics
that you did gain experience with during undergraduate
+ graduate school, what was the primary mode of train-
ing you received? (Select the last option ‘self-taught’ if
you received no training.)” The possible responses were:

e In a formal course at your university

e Ouline, through a structured program (such as edX
or Coursera)

e In a course organized outside of the classroom (e.g.
summer school, CERN courses, professional work-
shop, formal training in your research group, etc.)

e Mentoring or peer learning

e As needed; in a decentralized manner, self-taught

Second, “Please rate the method of training you selected
above.” The possible responses were:

e Extremely dissatisfied

e Somewhat dissatisfied

e Neither satisfied nor dissatisfied

e Somewhat satisfied

e Extremely satisfied

If the respondent answered “No” to receiving expe-

rience in their schooling, they were asked: “For each
of these topics that you did not experience during your
undergraduate + graduate education, how important has

this topic been in your career so far?” The possible re-
sponses were:

e Not at all important
e Slightly important

e Moderately important
e Very important

e Extremely important
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FIG. 12: Responses to the question: “For each of these
topics, please state if you received any experience in it
during your own undergraduate + graduate education.”
(Top) Solid-shaded bars show the fraction of all
respondents reporting that they received each
professional skill during their own education.
Hatch-shaded bars show this quantity with an extra
restriction that respondents’ selected mode of training
was not “As needed; in a decentralized manner,
self-taught.” Statistical Poisson errors are shown,
calculated (v/N “Yes” responses / N responses).
(Bottom) The fraction of respondents in each job
category reporting the same. “Career-Level” includes
research staff, nontenured, and tenured faculty. The
bars for each skill are stacked in the same vertical order
as in the legend.
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FIG. 13: The distribution of respondents selecting each
rating of importance to their career so far for each
professional skill. Height is proportional to the number
of responses with a given rating.

1. Professional Skills

In the professional skills section, we asked about a
variety of professional skills that are critical to a par-
ticle physics career, as well as to other careers. These
are listed in the top panel of Figure 12, along with
the percentage of respondents who received any expe-
rience in each skill during their undergraduate + gradu-
ate education. Most respondents gained experience with
most skills. One optimistic takeaway is that the most-
experienced skills align with the skills that respondents
found important, illustrated in Figure 13.

However, when examining the mode of training, the
results are more humbling. We show all possible re-
sponses and their corresponding rates in Figure 14; in
the hatched bars of Figure 12, we show the percentage of
respondents who gained experience and selected a mode
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. Number of Correlation with
Skill p-value ..
responses formal training (7)

Mentoring young scientists 227 0.032 -0.15

Teaching 270 2.0x107° -0.23

Scientific writing 290 0.0025 -0.17

Giving presentations 319 0.0018 -0.13

Statistics 256 0.0029 -0.20

Electrical engineering 126 0.025 -0.26
Mechanical engineering 72 0.041 -0.23

Formal math 138 0.022 +0.20

TABLE II: A list of skills in which the received mode of training was significantly (p < 0.05) correlated with with
career position, according to a x? test. We consider self-taught to be the least formal method, mentoring or peer
learning to be more formal, and all other modes such as a university course to be most formal for the purposes of
ranking the categories. Negative values of 7 correspond to skills that were more likely to be taught in a formal
manner (as opposed to self-taught or through a peer) for respondents currently in earlier career stages. This
suggests a transition over time to more formal training for that skill. We consider correlations with 0.1 < |7| < 0.2
to be weak, and those with 0.2 < |7| < 0.3 to be moderate, highlighted in bold. An example skill with a moderately

strong correlation was found is given in Figure 15.

Univ Course
Online

External Course
Mentor/Peer
Self-Taught

Giving presentations

Scientific Writing

Teaching

Writing a CV

Mentoring younger scientists

Job applications (academic)

Outreach to the public

Writing a grant application

Job applications (non-academic)

00 01 02 03 04 05 06 07 08 09 10
Fraction Selecting Mode of Training

FIG. 14: Responses to the question: “For each of these
topics that you did gain experience with during
undergraduate + graduate school, what was the primary
mode of training you recewed? (Select the last option
‘self-taught’ if you received no training.)” For each skill,
we display the fraction of respondents selecting each
mode out of all respondents who chose a mode. This
question was not mandatory, so a few respondents said
they gained experience in a skill, but did not select a
modality; these responses are not included in the
denominator. The five results for each skill add up to 1.
Statistical Poisson errors are shown, calculated

(vN “Mode” responses / N “Any Mode” responses).
“Career-Level” includes research staff, nontenured, and
tenured faculty. The bars for each skill are stacked in
the same vertical order as in the legend. The legend is
abbreviated; see Section IIIE for the exact wording of
the modes.
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FIG. 15: The fraction of respondents in each job
category selecting each mode of training for Teaching,
out of all respondents in that job category who chose a
mode of training for their Teaching experience.
Respondents who said they gained experience in
Teaching but did not select a mode are removed. Thus,
the five bars for each job category add up to 1.
Statistical Poisson errors are shown, calculated

(v N MODE responses / N ANY MODE responses).
The bars for each mode are stacked in the same vertical
order as in the legend. For this skill, we see a moderate
correlation between career position and formality of
training; younger scientists are more likely to be trained
in some type of course. See Table II for a list of all skills
with a correlation between age and mode of training.

of training other than “Self-Taught.” Strikingly, these
skills are primarily being conveyed through ad-hoc self-
training or peer mentorship, rather than through formal
avenues. Apart from Teaching (which was at a still-low
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Skill Mode High or low Number of p-value
rating? responses
Mentoring young scientists As needed; self-taught Low 90 9.5 x 107¢
Teaching As needed; self-taught Low 84 7.1x107°
Scientific writing As needed; self-taught Low 131 3.8 x107*
Giving presentations As needed; self-taught Low 133 6.3 x107¢
Outreach to the public As needed; self-taught Low 106 0.031
Writing a CV As needed; self-taught Low 145 2.0x 107"
Job applications (academic) As needed; self-taught Low 119 5.8 x 107*
Statistics As needed; self-taught Low 63 9.1 x107°
Theory-oriented particle physics As needed; self-taught Low 15 0.019
Mathematics for formal theories As needed; self-taught Low 11 0.0041
Mentoring young scientists Mentoring or peer learning High 105 0.011
Giving presentations Mentoring or peer learning High 124 0.015
Job applications (academic) Mentoring or peer learning Low 78 0.013
Statistics Mentoring or peer learning Low 31 2.7 x107*
Mathematics for formal theories Mentoring or peer learning Low 6 0.014
Gravity, GR, and cosmology Mentoring or peer learning Low 7 0.0028
Scientific writing External course High 14 0.038
Giving presentations External course High 18 0.011
Teaching University course High 105 1.6 x 1074
Scientific writing University course High 43 0.0077
Writing a CV University course High 12 0.04
Statistics University course High 139 0.030
Theory-oriented particle physics University course High 166 0.011
Mathematics for formal theories University course High 116 0.0089

TABLE III: A list of skills for which the mode of training is significantly (p < 0.05) correlated with a respondent’s
rating of that mode, according to a x2 test of independence. For each skill, the ratings were checked by eye to
determine whether the rating was high or low, relative to the null hypothesis of mode-rating independence—for
example, see Figure 15. We also display the number of responses in each skill-mode pairing and the p-value obtained
from the x? test. In the leftmost column, professional skills are italicized, experimental skills are bolded, and

theoretical skills are in plain text.

40%), less than 20% of respondents who gained experi-
ence in a skill reported that they were trained through a
university course. Barely any professional skills we tested
had a majority of respondents stating that they received
actual training in the subject. Even for critical academic
skills like giving presentations and teaching, the fraction
was barely above 50%. In other words—respondents are
gaining the skills they find important, but they are forced
to figure it out themselves or rely on their peers and men-
tors for informal transfers of knowledge.

There is evidence that, for some skills, physicists are
being trained through more formal mechanisms over
time. See the bottom panel of Figure 12, similar to the
top panel but broken out by career position. For some
skills, there is a trend that scientists in later career stages
were more likely to gain training through self-teaching
or peer mentorship, and less likely through coursework.
Teaching is a good example, exhibited in Figure 15. For

the “Self-Taught”, “Mentor/Peer”, and “Univ Course”
categories, there is a clear career-stage-based trend. To
confirm this trend, in Table II, we show a list of skills for
which a x? test of independence confirms this relation-
ship at a significance of p < 0.05. Half of the professional
skills show this trend, although the correlations are weak
to moderate.

The fact that professional skills are generally passed
through informal methods is not, by itself, concerning.
However, when paired with self-reported satisfaction of
different training modes, a clear problem arises. We per-
formed a x? test of independence between training mode
and training satisfaction for all the tested skills. The
results are shown in Table III. If the test returned an
unusually high y? (equivalent to an unusually low p-
value), this indicated that a significantly high fraction of
respondents were satisfied or dissatisfied with that mode
of training. We checked the distributions manually to
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FIG. 16: Distribution of responses to the question
“Please rate the method of training you selected above”
for Teaching. Height is proportional to the fraction of
responses with a given rating, for each mode. The
horizontal line shows the median (dot) and 25% and
75% quantiles (vertical endcap). The bolded modes
are those for which there is a statistically significant
relationship between mode and rating (p < 0.05 in a x?
test). In this example, “Self-Taught” respondents had
significantly lower ratings, and “University Course”
respondents had significantly higher ratings. Only three
respondents were trained in an online course, so these
are omitted. See Table III for a full list of skills with a
significant mode-rating relationship.

determine which (see Figure 16 for an example).

For professional skills—and indeed for all skills—the
“Self-Taught” mode was broadly disfavored. It was given
a significant low rating compared to the other modes, for
every skill that returned p < 0.05 on the x? test. This
included seven of the nine professional skills. Meanwhile,
when respondents reported an “External course” or “Uni-
versity course” mode, they were far more likely to rate
this mode highly. Many professional skills did not exhibit
a statistically significant result, mainly due to lack of
statistics—remember that few respondents gained these
skills through a formal method. However, when these
modes were significant, they were universally given high
ratings. The “Mentoring and peer learning” mode was
more mixed. Two professional skills, Mentoring Young
Scientists and Giving Presentations, were given high rat-
ings through this mode, while Academic Job Applications
was given a low rating.

The story for professional skills is thus: people are
getting some experience in the skills they need, but the
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FIG. 17: Responses to the question: “For each of these
topics, please state if you received any experience in it
during your own undergraduate + graduate education.”
(Top) Solid-shaded bars show the fraction of all
respondents reporting that they received each technical
skill during their own education. Hatch-shaded bars
show this quantity with an extra restriction that
respondents’ selected mode of training was not “As
needed; in a decentralized manner, self-taught.”
Statistical Poisson errors are shown, calculated

(v/'N “Yes” responses / N responses). (Bottom) The
fraction of respondents in each job category reporting
the same. “Career-Level” includes research staff,
nontenured, and tenured faculty. The bars for each skill
are stacked in the same vertical order as in the legend.




—— overall rating ® overall median

Computer programming
N=34

Statistics
N=75

10

Electrical engineering
N=203

&
.4
T

Mechanical engineering
N=261

Machine learning
N=261

Materials science

N=262
& & & & &
& & & & &
L L L L L
N
N *(©A '@>A Q'C\' X
3 &S &8 ) &é‘
«° \‘\oé A

FIG. 18: The distribution of respondents selecting each
rating of importance to their career so far for each
experimental technical skill, from among those who did
not receive the skill. Height is proportional to the
number of responses with a given rating.

mode of gaining these skills is not ideal. Respondents
want formal training through some type of coursework,
but they are usually unable to receive it. There is some
evidence that this situation is improving over time, but
only moderately.

2.  Technical Skills

In the technical skills section, we asked about a variety
of skills that are critical to a particle physics career, pri-
marily (but not exclusively) to experimentalists. These
are listed in the top panel of Figure 17, along with the
percentage of respondents who received any experience
in each skill. In general, the skills obtained tend to align
with how important they were rated Figure 18. Only two
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FIG. 19: For each skill, we display the fraction of
respondents selecting each mode out of all respondents
who chose a mode. This question was not mandatory,
so a few respondents said they gained experience in a
skill, but did not select a modality; these responses are
not included in the denominator. The five results for
each skill add up to 1. Statistical Poisson errors are
shown, calculated

(v/N “Mode” responses / N “Any Mode” responses).
“Career-Level” includes research staff, nontenured, and
tenured faculty. The bars for each skill are stacked in
the same vertical order as in the legend. The legend is
abbreviated; see Section IITE for the exact wording of
the modes.

skills—computer programming and statistics—displayed
a majority of respondents receiving experience in those
skills. These were the same two skills rated as most im-
portant in a particle physics career by the respondents
who had not received these skills.

When we examine Figure 19, we can see that the mode
of training is more mixed than for professional skills.
For most technical skills, the plurality training mode is
a university course. Nevertheless, a significant fraction
of respondents gained these skills through self-teaching
or peer mentorship—usually a majority of respondents,
with those two modes combined. Similarly to the pro-
fessional skills, Table II shows that for some technical
skills, this pattern has changed over time. Specifically,
for statistics, electrical engineering, and mechanical en-
gineering, there is a moderate negative correlation be-
tween career stage and formality of training. Scientists
currently in earlier career stages are more likely to have
gained experience in these skills through some type of
coursework as a graduate student.

Respondents’ ratings of the various training modes
were only statistically significant for Statistics. For this
skill, the results were consistent with the professional
skills. Respondents liked learning Statistics through a
university course, but not through self-taught or peer-
taught mechanisms. In fact, participants’ rejections of
learning statistics through these mechanisms were two
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FIG. 20: Responses to the question: “For each of these
topics, please state if you received any experience in it
during your own undergraduate + graduate education.”
(Top) Solid-shaded bars show the fraction of all
respondents reporting that they received each
theoretical mathematical skill during their own
education. Hatch-shaded bars show this quantity with
an extra restriction that respondents’ selected mode of
training was not “As needed; in a decentralized manner,
self-taught.” Statistical Poisson errors are shown,
calculated (v/N “Yes” responses / N responses).
(Bottom) The fraction of respondents in each job
category reporting the same. “Career-Level” includes
research staff, nontenured, and tenured faculty. The
bars for each skill are stacked in the same vertical order
as in the legend.

18

Phenomenology

Gravity/Cosmology

Theory-Oriented Particle

Formal Math

mmm Univ Course
mmm Online

mmm External Course
W Mentor/Peer
mm Self-Taught

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
Fraction Selecting Mode of Training

FIG. 21: For each skill, we display the fraction of
respondents selecting each mode out of all respondents
who chose a mode. This question was not mandatory,
so a few respondents said they gained experience in a
skill, but did not select a modality; these responses are
not included in the denominator. The five results for
each skill add up to 1. Statistical Poisson errors are
shown, calculated

(v/N “Mode” responses / N “Any Mode” responses).
“Career-Level” includes research staff, nontenured, and
tenured faculty. The bars for each skill are stacked in
the same vertical order as in the legend. The legend is
abbreviated; see Section IITE for the exact wording of
the modes.

of the most statistically powerful results in the entire
dataset, as seen in Table III.

3. Mathematical Skills

In the final skills section, we asked about a variety of
mathematical skills, primarily geared towards theoretical
physicists. Please see the survey text for the exact word-
ing; most of these skills are abbreviated on plots. At first
glance, the results are quite clear from Figs. 20 and 21.
For the skills we asked about, there was variation in how
many respondents gained these skills. Some skills, in-
cluding phenomenology, gravity/cosmology, and theory-
oriented particle physics, were obtained by a majority of
respondents; others, including formal mathematics and
Beyond the Standard Model physics, were gained by only
a sizable minority. The vast majority of respondents
gained these skills through university coursework.

Upon closer examination, a few interesting trends ap-
pear. From Table II, we see that for formal math, for-
mal training is positively correlated with career stage.
This means that current early career physicists are more
likely to have gained this skill through self-teaching and
peer-teaching. Since this is the only skill with a positive
correlation, we examined it more closely. Grad students
and postdocs were about 10-15% likely to gain formal
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FIG. 22: (Left) Comparison of theoretical vs. experimental physicists’ self-reported experience in mathematical
skills. (Right) Only theoretical physicists’ self-reported training modalities for these skills. Experimental physicists
were almost exclusively taught these skills through university coursework, so these responses are skipped. (Both)
Only graduate students and postdocs were asked about their research topic, so responses from other job categories

are excluded.

math skills through self-teaching; for career-level physi-
cists, this number was less than 5%. We also see from
Table IIT that, similar to the professional and techni-
cal skills, respondents prefer to gain mathematical skills
through university coursework rather than through self-
taught or peer-taught mechanisms.

One interesting result emerges if we separate our
dataset into theorists and experimentalists, as done in
Figure 22. Unfortunately, the question of research field
was only asked to graduate students and postdocs, so
they are the only respondents in this subset. Regardless,
it’s clear that theorists were more likely to experience
these skills at all and learn them through informal modes.
Very few experimentalists gained these skills by teaching
themselves, but a fair amount of theorists did. A notice-
able number of theorists also gained mathematical skills
through peer- or mentor-led training. Recall that respon-
dents were dissatisfied with both these modes, indicating
a clear gap in theoretical particle physics education.

Overall, the theoretical mathematical skills asked
about received somewhat low importance ratings for re-
spondents’ careers (Figure 23), with perhaps slightly
higher ratings for those skills respondents were most
likely to be trained in (Figure 20), as for other skill cat-
egories. Ratings from just those graduate or postdoc
respondents currently intending on a career in theory are
analyzed separately, and show marginally higher ratings,
consistent with the expectation that theoretical mathe-
matical skills are more important for theorists. However,
they remain relatively low in importance overall, perhaps
due in part to potential bias introduced by asking for im-
portance ratings only among those who did not receive
experience in those skills.

F. Correlations between skills, satisfaction, and
career preparedness

We would like to understand whether training during
graduate school is related to career preparedness. To ad-
dress this, a correlation analysis using Kendall’s 7 coeffi-
cient was performed between the presence or absence of
training for specific skills (excluding responses in the self-
taught category) and reported preparation for various
career tracks. We find, in general, fairly weak but pos-
itive correlations between training and career prepara-
tion. The only moderately-strong correlations (7 > 0.2)
observed were between training in phenomenology or
BSM theory and with preparation for university posi-
tions (7 = 0.21 and 0.22, respectively).

Because individual skills are likely to have significant
variation, we also considered correlations between the to-
tal number of trained (not self-taught) skills in each of
the three categories and career preparation. However,
this analysis also yielded mostly weak correlations: the
strongest correlation observed was 7 = 0.20 between to-
tal professional skills and reported preparation for the
respondent’s intended career. Many of the technical ex-
perimental and theoretical math skills here received rat-
ings of “slightly important” or “not at all important*
to respondent’s careers so far, in accordance with these
relatively weak correlations, suggesting that other skills
not mentioned in the survey may be more important.
The stronger correlation between career preparation and
professional skills is, similarly, in accordance with their
higher importance ratings, though it and the correlation
between career preparation and high-importance techni-
cal skills (such as computer programming) are somewhat
smaller than expected.

Similarly, receiving training in various skills was only
weakly correlated with reported satisfaction in gradu-



overall median
theorist median

—— overall rating °
theorist rating

Phenomenology
N=94
N theorist=7

——|

Gravity/Cosmology
N=113

N theorist=3

Theory-Oriented Particle

N=120
N theorist=9
et 7 ]
Formal Math
N=192
N theorist=15
r—|
BSM Theory
N=226
N theorist=15
X X X X X
& & & & &
& & & & &
> SK & & »
X X X5 QA &
2 © @ &
o 2 R &
A é\o +

FIG. 23: The distribution of respondents selecting each
rating of importance to their career so far for each
theoretical mathematical skill, from among those who
did not receive the skill. Height is proportional to the
number of responses with a given rating. The
importance ratings from only those currently intending
on a career in theory are shown separately in orange
(excluding skills with N< 5, i.e. Gravity/Cosmology).
Sample sizes are quite limited due to the fact that
theorists represent a small fraction of total responses
and only those not receiving the listed skill were asked
the corresponding question.

ate school or specifically in particle physics. The only
moderately-strong correlations observed were between
training in phenomenology or overall (summed) math
skills and particle physics-specific satisfaction (7 = 0.28
and 0.22, respectively). We interpret this as a sign that,
when considering overall satisfaction with graduate ed-
ucation, training and skills received are not the most
salient features.

We find stronger correlations between preparation for
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career paths and satisfaction in graduate education, pri-
marily for more traditional academic career paths. There
is a strong correlation between satisfaction in educa-
tion and preparation for both university career paths
(7 = 0.42) and national lab paths (7 = 0.34), a moder-
ate correlation with preparation for industry (7 = 0.20),
and a weak correlation with preparation for teaching K-
12 (7 = 0.12). The stronger correlation with university
and national lab careers is likely in part a reflection of the
fact that these are the desired careers of a significant por-
tion of respondents (who are unlikely to be disappointed
by an education that did not prepare them for careers
they are uninterested in). However, the correlation of a
respondent’s satisfaction with their intended career path
is somewhat weaker (though still moderate, 7 = 0.28).
This is explained by the fact that those intending to pur-
sue non-academic careers are not particularly unsatisfied
with their education, even if it did not prepare them for
their intended careers (7 = 0.09 for those intending to
enter industry).

We also find strong correlations between initial prepa-
ration to meet advisor expectations and both overall
graduate satisfaction (7 = 0.33) as well as preparation
for both university (7 = 0.35) and lab ( 7 = 0.33) posi-
tions. While we cannot establish causality, this is highly
suggestive that undergraduate training is an important
factor in ensuring both satisfying graduate experiences
and academic career prospects beyond graduate school.

IV. UNDERGRADUATE EDUCATION
RESULTS

Only respondents who selected “Undergraduate Stu-
dent” in the first question, “What position do you cur-
rently hold?, ” were shown the Undergraduate portion of
this survey. As shown in Table I, this meant that we had
only 24 participants answering the questions pertaining
solely to undergraduate particle physics education. This
represented only 6.7 percent of those taking our survey,
and thus we are unable to draw definitive conclusions
from the undergraduate portion of the analysis, given
the lack of statistics.

Although we cannot go into as much depth as the
graduate portion of the analysis, there are still several
important takeaways that should be noted for a future
undergraduate-focused survey to address. The first and
most obvious is that the HEPA community needs some
sort of mass communication tool or another mechanism
to ascertain the needs of students (particularly those in-
terested in particle physics) at the undergraduate level.
Secondly, our answers were heavily biased towards re-
search experience only with a university professor, and
we lacked any input from students in REU and/or DOE
lab internships. Lastly, we had a significant bias to-
wards R1 and heavily research-based universities, with
very few student responses reflecting input from Liberal
Arts, teaching-focused, and community colleges. These
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Improvements

Communication barrier to reaching a large number of
undergraduates.

Strong biases towards research experiences with uni-
versity professors at home institution.

Significant biases towards R1 research universities.

Mass communication needed.
Reach out to REU and DOE lab interns for future
studies.

Actively reach out to PUIs, Liberal Arts Colleges, and
Community Colleges for future studies.

TABLE IV: Left: Conclusions from the results of the Undergraduate Survey. Right: Proposed improvements to
gather enough statistics to perform a future, more robust analysis of an undergraduate survey.

are all summarized in Table IV.

In order to further discuss the rationale underlying
these three important conclusions, the following sections
have been included.

1.  Communication Barrier

We recognize that the purpose of the physics curricu-
lum at the undergraduate level is more to deliver breadth
than depth on physics topics, and to allow students to
survey sub-fields of research and/or careers. This ap-
proach seeks to provide a bedrock for further exploration
and specialization at the graduate level. However, col-
lege students do have opportunities to become engaged
with research in particle physics well before matriculation
into a graduate degree program. This may be through
a summer internship at a DOE lab or a small project
with a professor at their university, or by simply taking
an elective offered by their physics department. As such,
steps should be taken to ensure that undergraduates, es-
pecially those who have had some exposure to particle
physics, have the opportunity to remain connected with
that community. In part, this would help to stem the
flow of the “leaky pipeline” problem, but it would also
foster a continuity for students to remain a part of and
integrated into HEPA as they grow and progress in their
own physics educational journey [22, 23].

Upon further reflection of how we chose to adver-
tise this survey, we recognize that reaching many under-
graduates was difficult, particularly those not connected
through Snowmass or to an active particle physics work-
ing group and/or experiment. Despite our best efforts,
we only managed to reach 24 undergraduates with HEPA
connections in our survey. However, as stated above, me-
dia do exist to give students particle physics exposure
during undergraduate studies (albeit, these media can
and should be improved). Therefore, there must be a
communication barrier to reach undergraduates, as the
mechanisms we used did reach enough graduate students
to provide a statistically significant sample.

One way to address this discrepancy would be to cre-
ate and support a mass communication platform through

which undergraduate students can more easily be con-
tacted. We note that the DOE does provide internship
participation information, but communication to said
students remains private. One example is from the Sci-
ence Undergraduate Laboratory internship (SULI) pro-
gram in the DOE Office of Science [24]. University spon-
sored REUs may have the same information. However,
a centralised way to contact students, especially those
who did a particle physics project as an undergraduate,
is crucial. This would provide not only an increased
number of survey participants, but would allow future
investigators to solicit input from a large subset of un-
dergraduates who had a chance to see how their physics
education (thus far) has impacted their particle physics
research experience and future career goals and aspira-
tions. We would therefore recommend, at minimum, that
the DOE Office of Science (which oversees the National
Lab internships) and REU programs at universities com-
pile a list of contact information for recent participants
in their programs; this could be made available to in-
vestigators conducting surveys of undergraduate particle
physics education and research experience. Due to pri-
vacy concerns, we recommend that a central contact be
made for each program, so a survey administrator can
facilitate communication to these students.

We also note that our survey missed students who
don’t have research experience but might have had class-
work and/or conference experiences in particle physics.
Since we had several questions focusing on fundamen-
tal physics education as well as professional development
topics, it is important for all undergraduates to take part,
not merely those already doing research. One way to ad-
dress this in a future survey is to have a central mass
communication platform for physics departments across
a variety of college or university types.

In retrospect, we believe that it would have been ben-
eficial to reach out directly to physics departments at R1
universities, Liberal Arts schools, Community Colleges,
and other Primarily Undergraduate Institutions (PUI).
We chose not to do so in this survey because we were
concerned about inducing extra biases from our selec-
tion of who we reached out to. Although communicat-
ing with professors who are engaged in HEPA research



and/or Snowmass is a good first step, manually contact-
ing university physics departments to reach more under-
graduates is not ideal. Therefore, there should be a sys-
tem to easily and effectively contact physics departments
across the country in order to better ascertain the needs
of undergraduates, particularly those who have had any
exposure—research or otherwise—to the field of particle
physics.

2. Consideration of REUs and DOFE Internships

While the particle physics community should consider
expanding and strengthening the undergrad pipeline to
sustain a prolific future in HEPA it still remains difficult
to reach a large number of undergraduate students who
are interested and/or researching in particle physics. In
large part, this is due to the fact that while there exists
a plethora of undergraduate REU programs and intern-
ships around the country, the HEPA community does not
have a networking apparatus for students to stay engaged
and connected to the particle physics community before
matriculating into a graduate program. If a student is
able to find a research advisor at their institution who
is willing to mentor them during their remaining time as
an undergraduate, then it is possible for the student to
remain engaged and connected with the HEPA commu-
nity. However, when students are interns at labs for a
summer or two and return to their home-institution, it
can be difficult, if not impossible, to track their contin-
ued progress and interest in particle physics. This makes
it difficult to contact and survey students who have had
undergraduate particle physics experience.

Another consideration is that students, even with a
host adviser at their institution, should be recognized
for their full collaborative capacity. In other words,
they should be acknowledged, whether through meet-
ing/conference presentations or in some other formal
ways (at the discretion of a collaboration in the case of ex-
periment groups) that highlight and recognize their con-
tributions and efforts to further scientific advancement.

Therefore, we also call on HEPA collaborations to eval-
uate how they integrate all undergraduate researchers,
DOE/REU students or otherwise, fully into their com-
munities. We also strongly urge researchers working with
undergraduate students to encourage them to join the
collaboration as grad students and/or connect them with
other collaborations.

Considering how important REU experiences and lab
internships are in progression to graduate school PhD
programs, we are missing a significant group of students
who already have taken advantage of research opportu-
nities. This should be rectified. We would like to rec-
ommend having a networking platform supported by the
participating universities, DOE, and APS to facilitate a
continued inclusion of students as they progress on their
educational journey [25]. Not only would this help solve
the communication barrier issue addressed in the previ-
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ous section; it would also serve as a means to support
students as they decide on future careers and provide
resources to remain a part of the HEPA community.

While APS offers undergraduate conferences such
as CUWIiP (Conference for Undergraduate Women in
Physics), they could and should extend conferences for
undergraduates to promote and sustain involvement and
networking [26]. We look to efforts from the HEPA com-
munity to facilitate a particle physics conference for stu-
dents, particularly undergraduates. One step in this di-
rection would be to enlist the help of HEPA-focused uni-
versities and DOE labs—in particular, student groups at
these institutions that are already organizing conferences
designed for increased opportunities in HEPA network-
ing. The annual New Perspectives Conference held at
Fermilab is one successful example [27]. Undergraduates
have been known to participate in this event, but there
needs to be better communication and support to bolster
this and other networking opportunities within HEPA.
For instance, students from REUs and DOE internships
should be encouraged to present their work at such a
venue and to continue to participate each year, whether
actively researching or not.

Note that the Division of Nuclear Physics already
sponsors Undergraduate-focused Conferences [28]. This
is another example of an existing program that services
the needs we recommend, and which can be used as a
model to start a similar conference within the particle
physics sector.

8. Inclusion of Teaching-based Universities and Colleges

Some schools do not have particle physics classes at the
undergrad level, particularly those with small undergrad-
uate physics cohorts. Certainly, this is where it would
be crucial to have research opportunities such as REUs
or internships easily attainable for interested students to
explore this field. However, regardless of offering parti-
cle physics research and/or classwork experiences, it is
important to include schools that are primarily teaching-
focused (as opposed to research-focused) in an analysis of
undergraduate particle physics education. This is some-
thing that was lacking from the respondent turnout in
our survey.

While the primary purpose of our survey was to as-
certain needs and skills for success in particle physics, it
is also valuable to gauge the overall academic and pro-
fessional opportunities that undergraduate students re-
ceived at their institutions. Fundamental core classes
and experiences which form the backbone of a typical
undergraduate physics curriculum are instrumental in
preparation for graduate school success and for parti-
cle physics research more broadly. Thus, we would be
remiss if we didn’t stress the need to consider the gen-
eral physics preparation at the undergraduate level. We
therefore recommend that future attempts to survey un-
dergraduates actively reach out to departments not only



at R1 universities but also PUIs, including Liberal Arts
Colleges and Teaching Universities.

To reach these institutions, we must repeat our first
major takeaway that communication is key. We and
other investigators should remember to contact depart-
ments from a variety of institutions; note that by im-
plementing a mass communication system, investigators
would reach many different types of schools without in-
troducing severe selection bias. This would be especially
crucial to obtain a robust analysis that includes under-
graduates with and without particle physics classwork
and/or research experience.

Finally, we note that community colleges should be in-
cluded along with teaching-focused schools. While it is
unlikely that students there have had a class or research
experience in particle physics, including their input is
important for the analysis. There are some community
college external research experience opportunities, such
as DOE CCI internships, but there could and should be
more [29]. Including community colleges in a future anal-
ysis would help us better understand the varied experi-
ences of undergraduate students, especially from intro-
ductory physics classes. These introductory courses are
often smaller at community colleges than R1 universities,
and they provide a unique approach to learning. This is
true of many PUlIs as well. In fact, in recent years, there
has been a push for more inclusion of community col-
leges in HEPA research efforts. This push provides an
important opportunity for students to experience parti-
cle physics research for the first time [30]. Regretfully,
our survey only received one response from a commu-
nity college student (Table IV), emphasizing the need for
better communication with this group.

V. DISCUSSION

Our survey shows a variety of conclusions about the
state of undergraduate and graduate particle physics ed-
ucation in the US. At a high level, we observe significant
gaps in career preparation, skills training, expectation-
setting for graduate programs, and inclusion of under-
graduates into the community. We also see hints of the
strategies that can fill those gaps and areas for further
investigation.

From the analyses presented in this paper, we are able
to synthesize a collection of recommendations. These
takeaways must be implemented by the particle physics
community as a whole, but there are specific members
who have the power to make change. These include sev-
eral institutions: university departments, national lab di-
rectors and divisional heads, professional societies (APS
most prominently, but also AIP, AAS, and others), and
funding agencies such as NSF and DOE. In some of
our recommendations, we suggest who the implement-
ing body should be, but where not explicitly stated, we
leave this question for future discussion.
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A. Recommendations for Graduate Education

1. Particle physics education must expand to consider

non-HEPA career trajectories and prepare students
for careers in industry, teaching, and other tracks.
Scholars who have pursued or are successfully pur-
suing careers in HEPA feel like they were pre-
pared for HEPA, but not necessarily for other ca-
reers. Much of this work should be done by uni-
versity departments. Graduate programs in parti-
cle physics should normalize training for industry
positions via encouragement of industry partner-
ships (such as summer research internships) and
formal development of skills in demand beyond
academia (such as computer programming, team
management, and effective communication). Pro-
fessional societies, meanwhile, can build connec-
tions between academics and industry profession-
als and host training programs for these skills. We
also see a role for funding agencies to financially
support these trainings.

. Examining our results through the lens of [4],

the particle community should define the expected
mathematical, technical, and professional skills
that are necessary for a scholar to succeed in HEPA.
The community should also work with profession-
als in other career tracks to identify the necessary
skills in those careers. Professional societies are
best-suited to collect these findings, which should
be publicly available for current and prospective
students.

. Universities and physics departments should pro-

vide undergraduate students with a more com-
plete picture of what particle physicists do beyond
classroom discussion of physics theory, such as in-
creased opportunities for learning about research
(e.g. seminars). They should also provide a re-
alistic view of common career paths post-PhD in
particle physics, including the breakdown of theory
and experimental academic positions and the com-
monality of shifting to a non-academic career. For
example, undergraduate programs could hold job
workshops or host panels with scientists at different
career stages. Implementation of this recommenda-
tion will help students make a more informed de-
cision about what to study in graduate school and
whether such a choice aligns with their goals. It
will also allow students to be more prepared for
graduate school, leading to greater satisfaction.

. Graduate programs in particle physics should sup-

port more formal modes of training for those skills
where self-teaching is inadequate, indicated in Ta-
ble III. As many of the professional skills are
equally useful throughout physics disciplines or
even other scientific and non-scientific fields, this
could take many forms such as university-wide



workshops, one-on-one coaching sessions, or shared
online resources. It is critical for advisors or pro-
gram coordinators to make their students aware of
such resources and to actively encourage their use
as part of their graduate training (and not a “free
time” activity). In addition to university course-
work, professional societies can also support exter-
nal training programs in these skills, which respon-
dents rated highly when there was sufficient data.

. Physics departments should consider making a
statistics course a mandatory part of the under-
graduate physics curriculum or strongly encourage
it for particle physics-oriented students. Graduate
programs could include formal statistics training as
part of an upper-level topical course, e.g. mathe-
matical methods, practical computing techniques,
and statistics for particle physics.

. More formal training opportunities should be made
available for advanced theoretical skills. These
should primarily be done within a university en-
vironment, but to account for cases where a ded-
icated course may be too specialized or a suitable
teacher not available, the community should pro-
vide opportunities such as virtual workshops which
are free to attend. These should be supported by
funding agencies.

B. Recommendations for Undergraduate Education

1. Actively plan to perform this survey again in the

future for undergraduate data once the communi-

24

. Create a central mass communication system for

physics departments across a variety of college or
university types - both R1 universities and Liberal
Arts, Community Colleges, and PUls. This will
ensure input from teaching-focused institutions.

. Provide a networking platform supported by uni-

versities, DOE, and APS for students to continue to
stay engaged and connected to the particle physics
community before matriculation into a graduate
program. This is especially important for students
from REUs and/or internships that do not have
HEPA research options at their home institution.

. Support HEPA universities and DOE labs that

have student groups already organizing conferences
to include and actively help in providing increased
opportunities for undergraduates and graduate stu-
dents to network with in HEPA community.

. Call on HEPA collaborations to evaluate the inte-

gration of all researchers into their communities.
That is to say HEPA collaborations should be re-
quired to confirm that all researchers — includ-
ing undergraduates, faculty/researchers at PUT and
teaching focused institutions, engineers and techni-
cians [31] — engaging in HEPA research are ac-
knowledged, whether through publications and/or
as official collaborators (in the case of experiments)
for their contributions and efforts to further scien-
tific advancement, no matter how small.

C. Recommendations for Future Surveys

cation barriers listed in other recommendations are As this study was developed by physics students and

rectified. postdoctoral researchers, there are topics that we missed
and changes we would make on hindsight. We list them

2. Develop connections with those physics students  pere for use in the suggested future studies.

who have elected industry-affiliated careers, per-

haps through department alumni lists. This popu- e Section III B: Survey the changes in career goal as

lation is very important to survey — we could tell
more about the necessary skills for all future ca-
reers.

. Create and support a mass communication plat-
form by which undergraduate students can more
easily be contacted. This would help to reach more
college students so as to have enough statistics to
accurately ascertain the needs of the undergrad-
uate physics student population in a later survey.
See the following two other notes for further details.
This should be supported by the DOE Office of Sci-
ence (who oversees the National Lab internships).
Individual REUs at universities should release or
compile a list of contact information for recent un-
dergrad students in their respective programs. In
that way we can ensure that those students who we
know have had research experiences in HEPA are
contacted and included in the future.

a function of all positions. We did not ask this of
career-level participants; had we done so, we would
have been able to derive the flow of HEPA commu-
nity members from the start of grad school, through
commencement, early career choices, and final ca-
reer category.

Section III C: Survey the changes in subfield as a
function of all positions. We would have liked to
ask tenured/tenure track faculty and research staff
if they had changed subfields during their career.

Section III C: Survey career-level current subfields,
so that all positions could be compared to aqui-
sition of skills in graduate school, with subfield-
category breakdown.

e Section IITE: Survey the importance of skills re-

gardless of whether they were experienced during
graduate study or not.



VI. CONCLUSION

As part of the 2021 Snowmass Community Planning
Process, we developed a survey to study mismatches be-
tween the skills necessary for careers in particle physics
and the methodology of instruction for each of those
skills.  We collected 357 responses: a combination of
undergraduate and graduate students, postdocs, faculty,
research staff, and technicians. Respondents perceived
themselves to be well-prepared for academic or labora-
tory careers, but training for industrial careers was found
to be lacking. This is an issue of concern, given the
large number of physicists who pursue careers outside
academia. We also find that several skills seen as im-
portant for a HEPA career are being taught informally,
when respondents prefer these skills to be taught through
university-led or external courses. We recommend that
the particle physics community evaluate the methods by
which our members are developing these skills and create
new pathways for junior physicists. In addition, the com-
munity should take steps to be more inclusive of under-
grads, who are often involved in particle physics research
but do not have mechanisms to stay engaged beyond the
length of an individual project. The United States is a
global leader in particle physics research, but our educa-
tional processes leave substantial room for improvement.
If the entire community comes together to address the
issues raised here, our early-career scientists will be more
prepared for careers within and outside physics.
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Introduction & Sorting

Transforming US Particle Physics Education: A Snowmass Study

You are invited to participate in a research study designed to understand the current status
in particle physics education in the United States, including any common deficiencies. We
expect to evaluate opinions on curriculum & method of learning, based on experiences in
education. We also expect to evaluate opinions on preparedness for future job
performance.

The results of this survey will be compiled and published in the "Transforming US Particle
Physics Education: A Snowmass Study" contributed paper, which will be publicly available
on arXiv.org after submission. Results and recommendations from this survey may be
included in the final report of the Snowmass project which will be provided to the
Department of Energy as part of funding recommendations from the particle physics
community.

Participation in this study is voluntary. There is no monetary compensation. The survey
should take no more than 10 minutes.

Participation in this study may not benefit you directly, but it will help us provide
recommendations for the evolution of particle physics education within the next 10 years.

All questions are voluntary; you may skip any question and continue the survey. The only
exception is the first question, which allows us to tailor responses to certain members of the
community.

The information you share with us will be de-identified immediately upon submission. This
means any personally identifying information (including location and IP address) are not
retrievable by researchers, and never will be.

If you have any questions about this study, please contact Erin V Hansen
(evhansen@berkeley.edu) or Vetri Velan (vvelan@berkeley.edu). If you have questions
about your rights as a research participant, you may contact the Berkeley Office For
Protection of Human Subjects (https://cphs.berkeley.edu/) at ophs@berkeley.edu.

By continuing with this survey, you acknowledge that the following are true:

e | am currently located in the United States. (Due to EU GDP regulations, we cannot
currently include participants who are located abroad.)

e | am over 18 years of age.

¢ | self-identify as a participant in the particle physics community.

Please print or save a copy of this decree for your records. You may also find a printable
version of this declaration at [link to be added].

By completing this survey, you are consenting to participate in this study.

Collaborators on this study are also providing a resource for collaboration between particle
physics educators. This forum is NOT part of the research study, and participation is
entirely optional. No forum data will contribute to this research study. You may find the
survey at the following link: [link to be added] 28



What position do you currently hold?

O Undergraduate Student

O Graduate Student

QO Postdoctoral Researcher

O Tenure-track Faculty

O Tenured Faculty

(O Research Staff (e.g. National Lab)
O Technician/Engineer (Academic)
O Technician/Engineer (Industry)

What types of institution(s) are you currently affiliated with? (Select all that apply)

O Public University, PhD-granting institution
(] Private University, PhD-granting institution
[ Liberal Arts College
() cCommunity College
[ For-Profit Institution
(] National Laboratory

O | |other

GRAD Satisfaction

How satisfied do you feel with your graduate education in physics?

Extremely
dissatisfied

O

Somewhat
dissatisfied

@)

Neither satisfied
nor dissatisfied

@)

Somewhat
satisfied

@)

Extremely
satisfied

@)
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How satisfied do you feel with your graduate education in particle physics?

Extremely
dissatisfied

O

Somewhat
dissatisfied

O

Neither satisfied
nor dissatisfied

@)

Somewhat
satisfied

@)

Extremely
satisfied

@)

Formal Instruction (Technical)

Technical Skills

For each of these topics, please state if you received any experience in it during your own
undergraduate + graduate education.

Yes No
Statistics O O
Computer
programming O O
Machine learning O O
Electrical engineering O @)
Mechanical
engineering O O
Materials science O @)
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For each of these topics that you did gain experience with during undergraduate + graduate
school, what was the primary mode of training you received? (Select the last option "self-
taught” if you received no training.)

In a course
organized
outside of
the
classroom
(e.g.
summer
school,
CERN
courses,
Online, professional
through a workshop,
structured formal As needed;
In a formal program training in ina
course at (such as your Mentoring decentralized
your edX or research or peer manner, self-
university Coursera) group, etc.) learning taught
» Statistics O
»
Computer O O O O O
programming
» Machine learning O O O O O
»
Electrical engineering O O O O O
»
Mechanical @) @) @) @) O
engineering
» Materials science O O O O O

Please rate the method of training you selected above.

Neither
Extremely Somewhat  satisfied nor  Somewhat Extremely
dissatisfied dissatisfied dissatisfied satisfied satisfied
» Statistics
»
Computer O O O O O
programming
» Machine learning O O O O O
»
Electrical engineering O O O O O
»
Mechanical O O O O O
engineering
» Materials science O O O O O
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For each of these topics that you did not experience during your undergraduate + graduate
education, how important has this topic been in your career so far?

Not at all Slightly Moderately Very Extremely
important important important important important
» Statistics O O
»
Computer O O O O O
programming
» Machine learning O O O O O
»
Electrical engineering O O O O O
»
Mechanical @) @) O O O
engineering
» Materials science O @) O @) O

Formal Instruction (Theory)

Mathematical / Physics Topics

How well were you prepared overall to meet the mathematical side of your graduate
physics courses?

Not well at all

©)

Slightly well

©)

Moderately well

@)

Very well

©)

Extremely well

@)
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For each of these topics, please state if you received any experience in it during your own
undergraduate + graduate education:

Yes No

Phenomenology-

oriented particle

physics [e.g. group O O
theory]

Theory-oriented

particle physics

[SUSY, Amplitudes, @) @)
etc.]

Beyond the standard

model theories [e.qg.

string theory, quantum O O
gravity]

Mathematics for

formal theories

[Topology, Geometry, O O
etc.]

Gravity, GR, and
cosmology O O
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For each of these topics that you did gain experience with during undergraduate + graduate
school, what was the primary mode of training you received? (Select the last option "self-
taught” if you received no training.)

In a course
organized
outside of
the
classroom
(e.q.
summer
school,
CERN
courses,
Online, professional
through a workshop,
structured formal As needed;
In a formal program training in ina
course at (such as your Mentoring decentralized
your edX or research or peer manner, self-
university Coursera) group, etc.) learning taught
»
Phenomenology-
oriented particle O O O O @)
physics [e.g. group
theory]
»
Theory-oriented
particle physics O O O O O
[SUSY, Amplitudes,
etc.]

»
Beyond the standard

model theories [e.g. O O O @) O

string theory,
quantum gravity]

»
Mathematics for

formal theories O @) O @) @)
[Topology, Geometry,

etc.]

»

Gravity, GR, and @) @) O O O
cosmology

34



Please rate the method of training you selected above.

Neither
Extremely Somewhat  satisfied nor  Somewhat Extremely
dissatisfied dissatisfied dissatisfied satisfied satisfied

»
Phenomenology-

oriented particle O O O @) O
physics [e.g. group
theory]

»
Theory-oriented

particle physics O O O O @)

[SUSY, Amplitudes,
etc.]

»
Beyond the standard

model theories [e.g. O O O O @)

string theory, quantum
gravity]

»
Mathematics for

formal theories O O O @) @)

[Topology, Geometry,
etc.]

»
Gravity, GR, and @) @) @) O O

cosmology

For each of these topics that you did not experience during your undergraduate + graduate
education, how important has this topic been in your career so far?

Not at all Slightly Moderately Very Extremely
important important important important important

»
Phenomenology-

oriented particle @) O O O @)
physics [e.g. group
theory]

»
Theory-oriented

particle physics @) @) O @) @)

[SUSY, Amplitudes,
etc.]

»
Beyond the standard

model theories [e.g. O O O O @)

string theory, quantum
gravity]

»
Mathematics for

formal theories ) O @) (@) O

[Topology, Geometry,
etc.]

gravity, GR, and @) O O O @)

cosmology

Formal Instruction (Professional)

35
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For each of these topics, please state if you received any experience in it during your own
undergraduate + graduate education:

Yes No
Mentoring younger
scientists O O
Teaching O O
Scientific writing O O
Giving presentations O O
Writing a grant
application O O
Outreach to the public O O
Writing a CV O @)
Job applications
(academic) O O
Job applications (non- O '0)

academic)
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For each of these topics that you did gain experience with during undergraduate + graduate
school, what was the primary mode of training you received? (Select the last option "self-
taught” if you received no training.)

In a course
organized
outside of
the
classroom
(e.g.
summer
school,
CERN
courses,
Online, professional
through a workshop,
structured formal As needed;
In a formal program training in ina
course at (such as your Mentoring decentralized
your edX or research or peer manner, self-
university Coursera) group, etc.) learning taught
»
Mentoring younger O O O O O
scientists
» Teaching O O O O O
» Scientific writing O O O O O
»
Giving presentations O O O O O
»
Writing a grant O O O O O
application
»
Outreach to the O O O O
public
» Writing a CV O O O O O
»
Job applications O O O O O
(academic)
»
Job applications O O O O O

(non-academic)
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Please rate the method of training you selected above.

Neither

Extremely Somewhat  satisfied nor ~ Somewhat Extremely

dissatisfied dissatisfied dissatisfied satisfied satisfied
»
Mentoring younger O O O O O
scientists
» Teaching O O O O O
» Scientific writing O O O O O
»
Giving presentations O O O O O
»
Writing a grant O O O O O
application
»
Outreach to the public O O O O O
» Writing a CV O O O O O
»
Job applications O O O O O
(academic)
»
Job applications (non- O O O O O
academic)

For each of these topics that you did not experience during your undergraduate + graduate
education, how important has this topic been in your career so far?

Not at all Slightly Moderately Very Extremely
important important important important important
»
Mentoring younger O @) O O O
scientists
» Teaching O @) O O O
» Scientific writing O O O O O
»
Giving presentations O O O O O
»
Writing a grant @) O O O O
application
»
Outreach to the public O O O O O
» Writing a CV O O O O O
»
Job applications O O O O O
(academic)
»
Job applications (non- O O O O O
academic)

GRAD Career Paths
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What stage of grad school are you currently in?

O Prior qualification exam

O Post qualification exam

What was your intended career goal when starting grad school?

O College or university position

O National/private lab scientist

O Industry job

O Teaching K-12

O | |other (please describe)

O Not sure

What is your intended career goal now?

O » College or university position

O » National/private lab scientist

O » Industry job

O » Teaching K-12

O | [» Other (please describe)

O » Not sure

On a scale of 1 to 7, how well do you feel graduate school prepared you for the following
career paths?

1 (Not 4 7

prepared (Moderately (Extremely

at all) 2 3 prepared) 5 6 prepared)
College or university position O O O O O O @)
National/private lab scientist O O O O O O O
Industry job @) o O O o O O
Teaching k-12 O O O @) O O @)

Other (please describe)

O O O O O O O
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How well were you prepared overall to meet the expectations of your graduate research
supervisor(s) when starting your research?

Not well at all

@)

Slightly well

@)

Moderately well

@)

Very well

@)

Extremely well

@)

When starting grad school, what was your intended area of research?

O High energy, nuclear, and/or particle experiment

QO High energy, nuclear, and/or particle theory

O Gravity, astrophysics, and/or cosmology experiment
O Gravity, astrophysics, and/or cosmology theory

O |other (please describe)

What is/was your eventual type of research in grad school?

O High energy, nuclear, and/or particle experiment

O High energy, nuclear, and/or particle theory

O Gravity, astrophysics, and/or cosmology experiment
QO Gravity, astrophysics, and/or cosmology theory

O | |other (please describe)

If you switched research topics from your original expectations and would like to explain
why, please feel free to do so.

UNDERGRAD Satisfaction
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How satisfied do you feel with your undergraduate education in physics?

Extremely
dissatisfied

O

Moderately
dissatisfied

O

Slightly
dissatisfied

@)

Neither
satisfied
nor
dissatisfied

@)

Slightly
satisfied

@)

Moderately
satisfied

©)

Extremely
satisfied

O

How satisfied do you feel with your undergraduate education in particle physics?

Extremely
dissatisfied

©)

Moderately
dissatisfied

O

Slightly
dissatisfied

O

Neither
satisfied
nor
dissatisfied

@)

Slightly
satisfied

@)

Moderately
satisfied

©)

Extremely
satisfied

®)
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UNDERGRAD Formal Instruction

When did you first have an opportunity to perform research?

O Before starting college

QO A first-year research experience (during freshman year)
O Summer between freshman and sophomore year

O During sophomore year

O Summer between sophomore and junior year

O During junior year

O Summer between junior and senior year

O During senior year

O I have never had a chance to perform any research

How did you first experience your research opportunity?

@) External internship (i.e. SULI, REU, industry-related)
O Wwith a professor’s lab/group at your college
O other

How well were you prepared to meet the expectations of your research advisor?

Not well at all

@)

Slightly well
O

Moderately well

@)

Very well

@)

Extremely well

@)

What area of particle physics have you had the opportunity to perform research in? (check
all that apply)

g High energy experiment
(] High energy theory/phenomenology
[ cosmology/particle astrophysics

[(J Not in particle physics (condensed matter, biophysics, computational/mathematical, etc)
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Please indicate if you learned about any of following Particle Physics topics during
undergrad, inside or outside of the classroom. (check all that apply)

O Introduction to history and current status of particle physics

[J Introduction to experimental particle physics techniques

[ Introduction to theoretical/phenomenological particle physics techniques
() Applications to industry and/or engineering

(] Introduction to software/programming used in particle physics (i.e. ROOT, GLoBES, etc...)

For the introductions that you indicated exposure to in the previous question, how did you
learn about it? (i.e. format)

Classroom Research Workshop Self-guided
»
Introduction to history and
current status of particle O O O O
physics
»
Introduction to experimental O O O O

particle physics techniques

»
Introduction to

theoretical/phenomenological O O O O
particle physics techniques

»

Applications to industry O O O O
and/or engineering

»
Introduction to

software/programming used O O O O
in particle physics (i.e.
ROOT, GLOBES, etc...)

Please indicate if you would have liked an introductory experience to each of these topics
at your school.

Yes No
»
Introduction to history and 0O 0O
current status of particle
physics
»
Introduction to experimental O O
particle physics techniques
»
Introduction to
theoretical/phenomenological O @)
particle physics techniques
»
Applications to industry O @)

and/or engineering

»
Introduction to
software/programming used O O
in particle physics (i.e.
ROOT, GLOBES, etc...)
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How well were you prepared overall to meet the mathematical side of your undergraduate
physics courses?

Not well at all

@)

Slightly well

@)

Moderately well

@)

Very well

@)

Extremely well

@)

What undergraduate physics courses did you feel unprepared for mathematically?

O Freshmen general physics sequence
[J Modern Physics/Relativity

[J Quantum Mechanics

[ classical/Theoretical Mechanics

(] statistical Mechanics

(] Electromagnetism

O | |other

What courses outside of physics were you able to take during undergrad which you found
useful for your study of physics?

O Linear algebra

[ Group theory

(] Partial Differential Equations
(J Programming (C,C++,Python)
[(J Machine learning

(J Complex Analysis

O | |other
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How well were you prepared overall to meet the expectations of your undergraduate
physics laboratory courses?

Not well at all

@)

Slightly well

@)

Moderately well

@)

Very well

@)

Extremely well

@)

UNDERGRAD Professional Skills

During undergrad, which of these experiences were you able to participate in? (check all
that apply)

O Mentor fellow students

(] Be a part of outreach initiatives
[ TA work (teaching/grading)

[ scientific writing

(O] Presentations/public speaking
(] cViresume building

In what setting did your training/experience with each of the following primarily take place?

Classroom Research Workshop Self-guided
»
Mentor fellow students O O O O
»
Be a part of outreach O O O O
initiatives
»
TA work O O O O
(teaching/grading)
» Scientific writing O O d O
»
Presentations/public ] O O O
speaking
» CV/resume building O O d O
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For the experiences you did not participate in, would you have liked to have had the
opportunity to do so during undergrad?

Yes No
»
Mentor fellow students O O
»
Be a part of outreach O O
initiatives
»
TA work O O
(teaching/grading)
» Scientific writing O O
»
Presentations/public @) O
speaking
» CV/resume building O O

UNDERGRAD Career Paths

What year of undergrad are you currently in?

@) 1st year
O 2nd year
O 3rdyear

QO 4thyear
QO 5th year and above

What was your intended career goal when starting undergrad?

@) College or university position

O National/private lab scientist

O Industry job

O Teaching K-12

O |other (please describe)

O Not sure

What is your intended career goal now?

O College or university position

O National/private lab scientist

QO Industry job

O Teaching K-12

O | |other (please describe)

O Notsure
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Is your next step following graduation finalized? (i.e. if you are in your last year of
undergrad, do you know if you have been accepted into a graduate program or have a job
waiting?)

O Yes
O No

O Not sure

If your next step is finalized, what is it? If not, what is your intended next step after
graduating from undergrad?

O Graduate school (Physics/Astrophysics)

O Graduate School (hon-Physics/Astro PhD program)
O Industry job

O Teaching K-12

QO Professional Field (i.e. Law, Business, Medicine)
O |other (please describe)

O Not sure

On a scale of 1 to 7, how well do you feel undergraduate school prepared you for the
following career paths?

1 (Not 4 6
prepared (Moderately (Extremely
at all) 2 3 prepared) 5 6 prepared)
College or university
position O @) O O O O O
National/private lab
scientist o o O O O o o
Industry job O @) @) @) O O @)
Teaching k-12 O O O @) O O O
Other O O @) O @) @) O

Submit Button

Thank you for completing the survey! Please press the button to submit.
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