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Aninterdisciplinary effort tointegrate
codinginto science courses

M Check for updates

he inclusion of computation in

undergraduate STEM curricula

varies widely, ranging from none

atalltofully dedicated courses. We

believe that building cyberinfra-
structure skills within physical science courses
would enhance domain-specific learning
objectives and increase student understand-
ing and engagement'~. Programming within
ascience course, rather than in a standalone
coding class, gives students a better under-
standing of the context for applying compu-
tational tools*™®.

In line with this teaching strategy, we
established Enhancing Science Courses by
Integrating Python (ESCIP), a collabora-
tive initiative that promotes the teaching of
cyberinfrastructure skills within standard sci-
ence courses. Python was chosen because it
is a widely used, open-source programming
language that is common to the scientific
research community of physicists, chemists
and astronomers, which are the disciplines
supported by the Research Corporation for
Science Advancement’s Cottrell Scholars
program. ESCIP has evolved from an initial
team of eight early-career faculty membersto
anetwork of more than 177 scientists with an
active Slack channeland awebsite with teach-
ing resources.

Many faculty develop ad hoc notebooks for
their own courses but do not have a place to
share them more broadly. Our website cur-
rently hosts notebooks illustrating compu-
tation and modeling practices in chemistry,
astronomy and physics courses. We encour-
age notebook submission (including viaemail
or Slack) and provide contributor guidelines
and a notebook template to help instructors
adapt their content to a format that is easier
for new colleagues to understand and adopt.

The establishment of ESCIP immediately
prior to the COVID pandemic provided a plat-
formwhereinstructors could connect during
atime when in-person laboratory activities
were limited. Many repositories and commu-
nities — such as Python in Chemistry’, PICUP®,
Psi4Education’, MERCURY™ and chemcom-
pute' — support computational education
that targets discipline-specific audiences,

but ESCIP is intentionally cross-disciplinary.
Exchanging ideas with teachers from other
fields and schools gives a broad view of com-
putingacross the university-wide curriculum
and helps toinform professors who may want
toadvocate for curricular changes at their own
institution. Additionally, more diverse exam-
ples and feedback from teachersin other dis-
ciplines can help to improve accessibility for
students from different backgrounds.

Between 2020 and 2024, ESCIP has hosted
six workshops, inwhich 119 attendees shared
teaching materialsand developed new coding
exercises collaboratively. Some workshop par-
ticipants had already taught Python coding,
while others wereinterested in getting started
and sought tolearnbest practices from expe-
rienced colleagues. The NSF-funded Molecu-
lar Sciences Software Institute (MolSSI)*
provided training for faculty members and
postdocs to learn about Python libraries and
tools that could be useful for undergraduate
education, such asNumPy", pandas, seaborn,
scikit-learn and RDKit. Lessons learned by the
organizers of ESCIP workshops influenced
the establishment of the Accelerating Cur-
ricular Transformationin the Computational
Molecular Sciences (ACT-CMS), which is a
faculty professional development program
atthe MolSSI that supports the integration of
cyberinfrastructure skills into the molecular
sciences curriculum. ACT-CMS also supportsa
Faculty Fellows program aimed at developing
and sharing curricular resources.

One challenge discussed at the ESCIP work-
shop heldin April 2023 was how best to lever-
age programming-based assignments using
large language models (LLMs) that can gen-
erate code (for instance, ChatGPT) that can
easily produce solutions to many standard
problems. A number of scientists advocated
using these tools to reduce the barriers to
entry for programming, with the strategy of
explaining whether or not the generated code
is correct and why®. Students who have devel-
oped strong algorithmic thinking skills can
also cross-check their own understanding with
the results provided by ChatGPT to ensure
accuracy and identify errorsin logic or scien-
tificunderstanding. Motivated by widespread

interest in LLMs and Al-assisted coding, the
theme of the 2024 ESCIP workshop was ‘Teach-
ing scientificcomputing at the dawn of Al.One
key takeaway was that students need support
withlearning promptengineering to harness
the power of their domain-specific expertise.
Examples of effective strategies forincluding
LLMs in assignments aimed at accelerating
computational fluency and modeling were
also discussed.

The ESCIP community aims to provide
resources forteachersandstudentstodevelop
broad cyberinfrastructure competency by
emphasizing skills such as code reading,
testing and editing, problem decomposi-
tion, and design strategies for program and
function composition. Improved literacy in
these areas will facilitate student engagement
and learning, includingin contexts where LLM
codeassistantsare used in the classroom. One
future direction of ESCIP is to create peda-
gogical materials that use free LLM assistants
to teach cyberinfrastructure skills in science
courses. Ideally, we will provide simplerecipes
to aid teachers to develop and adopt these
toolsin their own courses.
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