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WHAT IS THE NEED FOR THIS WORK?

HOW WILL WE INVOLVE UNDERGRADUATES?
Undergraduate students play a key
role throughout the entirety of this
project, as summer student researchers,
students using the materials, learning
assistants, and mentors to high
schoolers.

Nuclear magnetic resonance (NMR) is an
important tool in the modern STEM workforce
that can also provide the foundation for more
in-depth explorations in a variety of scientific
disciplines - ranging from pharmacology to
quantum computing.

All the developed laboratory modules will
be incorporated into a Resonance
Research & Spectroscopy Seminar
co-taught by Dr. Frey and Dr. Abernethy
at Sarah Lawrence College and certain
modules will be taught in Analytical
Chemistry and General Chemistry
courses by Dr. Gosser at City College of
New York. Students in these courses will
explore the course-based undergraduate
research experience, have the
opportunity to participate in the ongoing
evaluation of the work, and can continue
advancing the work by becoming
undergraduate student researchers.

Fortunately, the recent development of inexpensive
benchtop NMR spectrometers, along with freely
available online simulations, offer great
opportunities for predominantly undergraduate
institutions to give their students relevant
hands-on learning and research skills with this
essential tool without requiring access to expensive
equipment.
This project fills a curricular gap by establishing an interdisciplinary and
cross-institutional team to develop, assess, and disseminate curricular
material that integrates NMR into the undergraduate science curriculum.

GUIDING PRINCIPLES

OUTCOMES

● Advance knowledge and understanding of best practices to
implement an interdisciplinary, course-based undergraduate
research experience in different institutional environments

● Developed and tested curricular materials consisting of 25
1.5-hour modules, associated instructional guides and online
resources

● Assess the effectiveness of these materials with or without
direct access to an NMR system

WHAT WILL THESE MATERIALS LOOK LIKE?
Example Outline - Module 8
How the Phase of Matter Effects NMR Signal
Suggested Prior Modules:
(5) Understanding the NMR Spectrometer
(Components and Knobs); (6) Free Induction Decay and
T1/T2 Relaxation; (7) Interpreting Time-Domain Signal
and Corresponding Frequency Spectrum.
Expected Learning Outcomes:
(1) Can explain how molecular motion affect resulting
NMR spectra; (2) Predict and test how NMR signal and
frequency spectrum will differ for liquid and soft-solid
samples; (3) Apply understanding by identifying
challenges for solid-state NMR compared with
liquid-state NMR.
Outline of Module:
● Small Group Activity (5 min): Discuss and identify
key differences in molecular motion in different
phases of matter.
● Guided Inquiry to establish theory (20 min): Build
up the concept of motional narrowing through
analysis of online videos simulating the
microscopic environment in a liquid and a solid.
Students then draw sketches of the predicted 1H
free induction decay spectrum for both a liquid
and a soft-solid sample.

HOW WILL WE EVALUATE THIS WORK?
With the help of our external evaluator, Dr. Dedra Demaree, we have
decided upon using the following well-tested surveys and research tools
to evaluate the effectiveness of our materials.

Pre- and
Post-term:

During the term:

Administer E-CLASS
survey that measures
attitudes about
experimental science

Administer 7-question flow
survey for a subset of
experiments to measure if
students achieve flow state

Administer 1-question Audio and video recording of
STEM-PIO-1 that
class time for a subset of
measures
experiments at both institutions
professional identity
overlap
Scan student work before
returning it to students to assess
whether desired learning
outcomes are achieved

Post-term focus
groups:
Focus group students
draw identity maps for
a more detailed map of
student STEM identity
Focus group students do
Q-sort exercise which
provides data on student
perceptions regarding
course materals
Focus group interviews

ADVISORY BOARD
We have formed and advisory board for this project that
consists of scientists from multiple disciplines and institutions
with either expertise in applied NMR, science education
research, or the implementation of research-based science
pedagogical models.
●
●
●
●

Dr. Ruth Stark, Chemistry, City College of New York, New York City, NY
Dr. Sean Barrett, Physics, Yale University, New Haven, CT
Dr. Sissi Li, Chemistry, California State University, Fullerton, CA
Dr. Davida Smyth, Biology, The New School, New York City, NY

● Design and Perform Experiments (45 min): Using
provided samples, class decides what testing
experiments and experimental parameters to use.
Data is taken. Results are compared with
predictions and discussed.
● Reflect and Apply Understanding (20 min):
Classwide reflections and conclusions. Brainstorm
potential challenges for doing solid-state NMR.
This material is based upon work supported by the National Science
Foundation under Grant DUE-2120545

● Presentations and workshops at various physics and
chemistry conferences to help faculty with implementation

WHAT WILL BE THE BROADER IMPACTS?
The proposed work provides interdisciplinary exercises for students
built around the development of highly-applicable research skills
and provides the opportunity for positive attitudinal shifts to help
them persist and thrive in STEM.
The collaboration between Sarah Lawrence College and City College
of New York will enable us to develop and test the adaptability of
our materials in different teaching environments, greatly enhancing
our impact on the broader scientific community.
Along with providing easy-to-implement, research-based materials to
incorporate into their courses, we will be leading professional
development workshops for faculty to learn how to best adapt the
material for their particular needs.
This project is designed to benefit all
undergraduate science programs but will
have the most impact at primarily
undergraduate institutions with
limited access to research
experiences and historically
underserved student populations.

Scan the QR code to be contacted
when the materials are available
and/or to provide suggestions of
potential resources to include.

