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As physics graduate programs adapt to an ever-changing world, it is important to update their practices of
assessing students. We are interested in the variety of ways that physics graduate students’ comprehension
and progress are evaluated. We conducted a landscape study of university handbooks and websites document-
ing the ways in which students are assessed throughout their program. These practices were compared among
departments to determine how diverse department assessments are. We also compared our findings with recom-
mendations from “Graduate STEM Education for the 21st Century” determined by a committee of the National
Academies of Science, Engineering, and Medicine. This work will help to better understand what the numerous
institutions across the country consider as necessary practices and requirements for graduate students. Under-
standing this landscape can provide a resource for graduate programs looking to update their practices and a
foundation for further investigations into graduate education within physics programs.
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I. INTRODUCTION

Recent work on graduate physics programs has focused
on admissions practices. These include the reliability of the
physics GRE upon admission as a predictor of success and
how rubric-based holistic review contributes to a more di-
verse population of graduate students. [1-5]. There has been
less work investigating practices within physics graduate pro-
grams beyond admissions. We know very little about the
overall landscape of assessment practices required for a grad-
uate program in physics. Ideally, these assessment practices
represent what graduate programs of a university value, such
as independent scholarly activity, strong research skills, and
writing ability.

In addition, as physics graduate programs face an ever-
changing world, they may consider updating their practices
of assessing students. This could be done in the hope of ad-
dressing concerns from broadening participation of graduate
students to updating practices that have not been addressed in
many years. Universities expressing interest in this will likely
search for common practices in other programs to model their
updates after; however, we’ve identified that there is a lack of
common understanding of the potentially varying practices of
physics graduate programs across the country.

For this study, we explore formal assessment practices
through publicly available graduate handbooks and websites
of departments. We define formal assessment as any way that
physics graduate students’ comprehension and progress are
evaluated towards meeting the criteria established by the de-
partment or university. We acknowledge that analyzing pub-
licly available data is a limitation of this study. If a practice
is not specifically mentioned in the website or handbook, that
does not mean the practice does not exist in any capacity. Any
publicly available, written documents may not fully describe
the institution’s assessment practices.

With a goal of better understanding the landscape of the
various formal assessment practices for physics graduate pro-
grams, we ground our work in how well these practices align
with the National Academies “Graduate STEM Education in
the 21st Century” report [6]. This report outlines the expec-
tations and guidelines of STEM graduate programs. In this
study, we report preliminary results that address the follow-
ing research questions:

* What are common assessment practices across physics
graduate programs?

* How uniform are these practices across programs?

* How well-aligned are graduate student assessment
practices with the recommended expectations and
guidelines from the National Academies report?

To accomplish this, in Sec. II we describe the National
Academies report more concretely in order to contextual our
study. In Section III, we describe the methods of develop-
ing the emergent categories of assessment practices. We then
report on how uniform those categories are among physics
departments in Section IV. We also report on how well these
emergent categories assess the recommendations of the Na-
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tional Academy’s report in Section V B. Finally, we connect
the preliminary results from this study with the numerous av-
enues of future work this study has to offer in Section VI

II. GRADUATE STEM EDUCATION IN THE 21ST

CENTURY

The National Academies of Science, Medicine, and Engi-
neering ordered an analysis of graduate education in STEM
done in 2015 [6]. This report was completed to determine
what an ideal graduate STEM education involves for all
stakeholders including graduate students, faculty, and pro-
grams. It proposes recommendations and core elements of
each aspect of graduate education including the Master’s and
Ph.D. degrees.

For the purposes of this paper we will focus on the recom-
mendations for the Doctoral degree which include core com-
petencies, career explorations and preparation for Ph.D stu-
dents, and structure of doctoral research activities. This list
of recommendations, listed in Table II, then provides a use-
ful metric to determine how well the assessment practices of
different physics departments match with what the National
Academies present as important factors necessary to graduate
education. For example, the report cites a core element of a
quality Ph.D. education based in scientific literacy, commu-
nication, and professional skills as the learning of ethics and
norms of scientific enterprise. Then when looking through
our data, we look for assessment practices aligning with the
idea of ethics training and norms.

III. METHODS

A. Context

The American Institute of Physics (AIP) produced a report
in 2020 stating that there are a total of 260 universities and or-
ganizations that grant graduate degrees in the field of Physics
in the United States [7]. This includes Ph.D., Master’s in
Arts or Science, Terminal Master’s, Dual Credit programs,
and specialty degrees or certification programs specifically in
the areas of pure physics, astrophysics or astronomy, medical
physics, or biophysics. As we are concerned with the gen-
eral landscape of physics graduate programs, this provides a
robust list of programs that include those different degrees.

B. Data Collection

For this preliminary study, we began with 60 randomly se-
lected universities from the list provided by AIP including the
home universities of the authors. We focused on data that is
publicly available. A primary source we commonly used to
gather information was the department handbooks of gradu-
ate programs when available. In the absence of a handbook or



if the handbook’s information did not appear satisfactory, data
was collected from the department websites or handbooks of
the graduate college. Based on the definition of formal as-
sessment above, we scaled down the information present for
each of the university handbook or website into the distinct
categories described below. For example, we collected in-
formation on practices such as the dissertation and courses
required but not information covering the tuition or insurance
of graduate students.

C. Data Analysis

Two researchers extracted data for each university to es-
tablish confidence. From the information gathered we deter-
mined categories of data including Courses (core and elec-
tive), Candidacy Exams (subject exams and research propos-
als), Dissertation, Training, and Miscellaneous requirements.
The authors, spanning three universities, met to discuss cat-
egory development based on the prevalence of language
present in the data. These categories and sub-categories are
shown in Table I. The subcategories were then determined by
the most common practices that fit within each larger cate-
gory. For example, if a program lists a course titled Solar Sys-
tem Physics it was placed in the Other Courses sub-category.
In the event of multiple universities placing this course as a
core course then Solar System Physics itself becomes a sub-
category.

IV. RESULTS

Due to implications of different degree programs and
semester timelines, we further limited the 60 universities in-
vestigated so far to include only physics Ph.D. degree pro-
grams in universities operating on semester timelines. Doing
so resulted in retaining 37 out of 60 universities. The data for
these 37 universities included 19 physics graduate handbooks
and 18 university websites. The list of emergent categories
are listed in Table I

The following sections describe the categories, including
coding decisions and subcategories when appropriate. In all
cases, the number of departments that have explicit language
of each subcategory is listed in Table I. The categories in-
clude: courses, candidacy exams, dissertation, training mod-
ules, and miscellaneous. Courses include the core course re-
quirements and electives when appropriate. Candidacy Ex-
ams are split between subject exams and research propos-
als. The dissertation category covers the writing, presenting,
and expectations of the document itself. Training covers any
training the department requires students to complete, and the
miscellaneous category covers any assessment that does not
clearly fit within the other categories.
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TABLE I. The list of emergent subcategories in all 5 categories from
the current data of 37 universities including the number of universi-
ties that include each subcategory assessment practice.

Category Subcategory Num.
Courses Classical Mechanics 26
(Core) Quantum Mechanics 37
Electrodynamics 32
Statistical Mechanics 34
Mathematical Methods of Physics 16
Other Courses 21
Courses Number Required (Courses/Credits) 16
(Electives)
Candidacy Written Portion 16
(Subject Oral Portion 12
Exams)
Candidacy Written Portion 29
(Research Timeline 18
Proposal)
Dissertation ~ Written Portion 24
Oral Defense 21
Research Credits Required 9
Training Human Subjects 2
Learning/Teaching Assistants 8
Responsible Conduct of Research/Ethics 6
Miscellaneous Committees 20
Annual Reports
Journal Articles 3
TA Requirements 8

1. Courses

We divided the course requirements into 2 main subcate-
gories, core courses and elective courses. Each core course
was counted once if the program required students to take at
least one subject. For example, if a program required a stu-
dent to take two semesters of quantum mechanics we record
it as one count of the department requiring quantum mechan-
ics rather than two counts. The courses that appeared most
often in the data formed the subcategories. Single instances
of required courses that were common to one university were
placed in the Other Courses sub-category.

For elective courses, there were two trends common in
the data with programs requiring either a certain amount of
courses or credits. For the sake of this study we count each
university only once if they include a requirement for students
to enroll in any elective course.



2. Candidacy Exams

Subject exams were considered as comprehensive exam-
inations of core subjects offered by the department. These
were written and oral tests examining the student’s knowl-
edge on specific or cumulative subjects, such as Electrody-
namics and Classical Mechanics. Universities that required
any form of written or oral subject exam were counted, in-
cluding the subjects covered in those exams when applicable.

The more common process of achieving Ph.D. candidacy
is through a student’s research proposal. We considered any
requirement of a student to present current research and pro-
pose a research plan. We counted universities that made any
explicit mention of a student presenting research to achieve
Ph.D. candidacy, regardless of whether those students also
needed to pass a specified number of subject exams.

From the data we see a strong emphasis towards the re-
search proposal as expected. While there are a significant
number of departments that require subject exams as part of
the candidacy process, the number was not as high as antici-
pated with many departments offering ways to either bypass
or fulfill that requirement in different ways.

3. Dissertation

In this category we counted departments that made any ex-
plicit mention of the writing of a dissertation and defending it
through a formal presentation. We considered also any men-
tion of students being required to enroll in research credits to
finish their dissertation.

We see that many departments mention the need for stu-
dents to complete a dissertation of original research, yet there
is a lack of more information given on what requirements are
fulfilled. Something that was not as widespread was for some
departments to consider the credit hours devoted to work on
the dissertation.

4.  Training Modules and Courses

From the data we determined that students may have to
complete diverse training opportunities across institutions.
We counted each mention of training requirements, includ-
ing whether the training sessions were single hour modules
or full semester long courses.

For example, a department requiring a student to pass a
Responsible Conduct of Research (RCR) training module of-
fered by the CITI Program would be coded as a short training
module offered outside of the department.

We identified relatively few opportunities for students to
be trained in different ways including human subjects, TA, or
RCR modules.
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5.  Miscellaneous

The miscellaneous sub-categories identified so far are:
committees, annual reports, journal articles, and TA (teach-
ing assistant) requirements.

We place the faculty committees within this category as op-
posed to Research Proposal or Dissertation as the committees
are not unique to either subcategory and likely to maintain its
structure between these two milestones.

V. DISCUSSION
A. Preliminary Highlights of Analysis

From the sub-categories of core courses, we see a strong
emphasis on quantum mechanics and electrodynamics. We
had assumed there would be consistent requirements of the
core courses and for many there are. Something notable about
this data then is the lack of requirements of a classical me-
chanics or advanced dynamics course. Many universities in
the data had this course as an option, able to be substituted by
another such as Statistical Mechanics. A number of univer-
sities also required students to take a number of courses not
expressed in our categories in Table I. These courses include
specialty courses like optics or astrophysics, and could poten-
tially reflect the specialities in research of that department.

We found that the most consistent language was for the
writing and presenting of the dissertation. While it was the
most consistent, it was also the least defined and structured of
the formal practices. Many universities opted to refer to the
dissertation as a piece of original research completed by the
student, but not provide structure or expectations beyond this.

B. Assessing the Recommendations of the National Academies
Report

There are a total of 23 recommendations from the National
Academies survey in the section only pertaining to the Doc-
toral degree. In aligning these recommendations with the
practices described in Table I, we identify 3 distinct levels:
recommendations that are clearly assessed, those that may be
assessed, and those that are not being assessed. Focusing then
just on the group of recommendations that can clearly be as-
sessed leaves 9 recommendations from the report. We iden-
tify the recommendations that best align with the goals of a
practice listed in Table II

From this comparison, we see a strong emphasis towards
the research proposal and dissertation covering many of the
elements from the National Academies report. From looking
at the university handbooks, there are numerous mentions of
a student’s dissertation but not about the type of content it
has beyond being a piece of original research. The require-
ments for the dissertation then are left to be determined by the
committee or the norms of that student’s field of study. This



TABLE II. Emergent assessment categories from the data that best aligned with the recommendations of the National Academies survey.

Learning Goals Courses  Candidacy Exams  Dissertation  Training  Miscellaneous
Students should develop deep specialized expertise X X

Students should articulate an original research question X X

Students should design a research strategy X X X
Students should evaluate outcomes of research X X

Students should adopt rigorous standards of investigation X X

Students should learn and apply professional norms, ethical X X X
responsibilities of scientists, and ethical standards

Students should develop the ability to work in interdisci- X X X
plinary team settings

Students should acquire the capacity to communicate X X X X
Students should develop professional competencies X X X

ambiguity of the content and requirements of the dissertation
makes it difficult to precisely align the recommendations of
the National Academies survey.

Another notable result from this comparison is the men-
tion of students learning ethical standards and norms. Of
the 37 Ph.D. programs we found only six mentions of ethics
training. However, since our analysis is limited to publicly
available information, it is possible more universities require
ethics training and communicate those requirements to stu-
dents through other means.

C. Study Limitations

The results of this study are based on public data. We pri-
oritized graduate handbooks for each university but necessar-
ily used the websites if the handbooks were not available or
proved insufficient for data collection. By using this type of
data, we continually face the possibility that the data is in-
complete or inconsistent with what is actually practiced at
each university. As evidenced by nearly half of the Ph.D.
programs not having available graduate handbooks, we do
not have a consistent form of data to use in this study. In
future research, we will corroborate these findings with de-
partments.

VI. CONCLUSIONS AND FUTURE WORK

This analysis represents preliminary results from a subset
of data that covers only Ph.D. degrees from universities that
operate on semester timelines. We determined a list of assess-
ment practices from this data organized into five main cate-
gories: Courses, Candidacy Exams, Dissertation, Training,
and Miscellaneous. In comparing these categories among de-
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partments, we see a tendency towards many universities hav-
ing explicit language about the expectations of dissertations,
research proposals, and course requirements.

In investigating how well the recommendations of the Na-
tional Academies report are being assessed in these depart-
ments, we found some that were clearly being well assessed
and those that were not. Those being assessed are largely fo-
cused on the research proposal of the Candidacy Exams and
Dissertation categories. Recommendations from the survey
report that were not clearly being assessed were more focused
on the Courses or Training categories.

In particular the dissertation holds a lot of ambiguity of
specific recommendations and how they are directly assess-
ing the recommendations of the National Academies survey.
Investigating this ambiguity and how it connects to those rec-
ommendations lies within future work of this study.

As of now we have finished coding only 60 of the 260 total
universities in our data. In finishing this coding process, we
can begin the numerous comparisons between the university
practices and how well all of the recommendations of the Na-
tional Academies survey align with them. Future work then
includes: interviewing faculty to confirm practices at vary-
ing institutions, comparing practices between all of the de-
gree types, and the various ways that graduate programs value
their students’ time.
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