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Cover Art - ‘A Reemerging Light’

One year ago, all normal functions in the world came to a startling halt, under-
graduate research being no exception. The students walking within an empty
UCR campus serve as a reminder of the pandemic and the individuals who
were able to navigate research during these difficult times. As the world recov-
ers and returns to a “new normal,” so too does UCR, persevering against the
challenges of COVID-19 under the welcome light of a new day.

~Co-Editors, Shaiva Patel & Ethan Tanchoco

Photo taken by Stan Lim, UCR Communications, 2020
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FROM THE
CHANCELLOR

The word resilient is having a moment. Over
the last year, as we rode waves of obstacles
and changes, much has been written about

the human spirit and our ability to contin-

ue forward in the face of adversity. Resilient
certainly describes the students and mentors
who forged a path forward in undergraduate
research during an immensely challenging year.

Impressive is another relevant description. To
complete research projects, then collaborate
remotely to finish and submit articles for this
year’s UC Riverside Undergraduate Research Jour-
nal, required an impressive level of creative
thinking and dedication. This reveals an un-
derlying passion and commitment to scholar-
ship and development of new knowledge. As
you will find, the work itself is also impressive.

At UCR, we strive to prepare our students
for what’s now and what’s next so they may
be future fluent, ready to tackle the world’s
evolving challenges. The research articles
published in this journal provide a glimpse of the opportunity our students embody.

To all of the students who contributed to this year’s journal, congratulations on your outstand-
ing work. I am incredibly grateful to the faculty mentors and staff members whose dedication,
guidance, and perseverance made these projects possible. All of your efforts inspire pride in our
university and strengthen our hope for the future.

Sincerely,

Ly

Kim A. Wilcox
Chancellor
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FROM THE
VICE PROVOST AND DEAN,
UNDERGRADUATE EDUCATION

The COVID-19 pandemic changed all of our lives, halted most research, and delayed valuable learning
experiences for undergraduates. However, the pandemic did not prevent student,faculty,and staff
creativity and ingenuity in finding new and innovative methods of continuing to contribute to their fields
of study. Undergraduate researchers and their faculty mentors demonstrated flexibility in adjusting their
research and creative methods to accommodate social distance guidelines. Their contributions may have
followed a different process, but they continued. The student researchers whom are presenting their
work in the following pages demonstrate resiliency in tackling the local challenges that face California’s
Inland Empire as well as the dynamic and emerging challenges facing humanity.

Participating in original research and creative activities always takes courage: the courage to challenge
assumptions, admit a lack of knowledge, and persist through the inevitable setbacks and obstacles of
expanding our shared understanding of the world. This year’s scholars conducted their research during
a time of national turmoil and unrest, and so they are doubly courageous. They had the tenacity to build
connections — social, intellectual, and empathetic — when so much of the country was struggling. We
must applaud them all and find both comfort and our own courage in knowing that these researchers
represent the best and brightest of our shared future.

The Fifteenth Edition of the University of California, River-
side Undergraduate Research Journal features some of the best
faculty-mentored undergraduate research and scholarship,
adding to the university’s 67-year legacy. Thank you to

our students, faculty, and staff who made the publica-

tion of the Undergraduate Research Journal possible. A
special thanks to the Student Editorial Board for leading
the peer-review process, the Faculty Advisory Board for its
consultation and advice, and the staff of Student Engage-
ment for their roles in bringing this journal to fruition.

I hope you are enriched and encouraged by the discoveries
revealed in this year’s Undergraduate Research Journal.

Wishing you all the best,

o

Jennifer Brown, Ph.D.
Vice Provost and Dean of Undergraduate Education
Professor in the School of Public Policy
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UNDERGRADUATE RESEARCH JOURNAL
EDITORIAL BOARD

It is with great pleasure that we present UC Riverside’s 15th edition
of the Undergraduate Research Journal. We have had the honor
of collaborating with brilliant minds across campus in brin; ing this
publication to fruition during such an unprecedented year. It is the
collective efforts of everyone involved that ensures the integrity and
standards of the Journal reflect the excellence that UCR represents.
Congratulations to the authors for your commitment — your abil-
ity to adapt to a remote environment, one that is not conducive to
traditional undergraduate research, is commendable and serves as a
testament to UCR’s academic and creative culture built upon the pur-
suit of knowledge. Your achievements found in this 15th edition will
forever be a part of the Journal’s legacy. Congratulations also to the
Student Editorial Board and Faculty A visory%oard — your diligence
and dedication to the publication process have ensured the quality
and success of the Journal. We are remarkably grateful to have been
part of the outstanding team that made this edition possible.

Shaiva Patel Sincerely,

. . . Ethan Tanchoco
Editor-in-Chief Shaiva Patel & Ethan Tanchoco, Co-Editors-In-Chief Editor-in-Chief
Biology, Spanish Minor Microbiology

Carolina Muiioz Jacob Arisz Courtney Moulton Niva Manchanda
Editor-in-Chief Associate Editor-in-Chief Copy Editor Copy Editor
English, Education Minor Literature & Language/ Germanic Biology Psychology

Studies; History double major

=
Alexander Brinkley A})i?e Ja;,ie LeedKogs Chau Nguyen Farzaneh Talebi Liasi Jennifer Le Jordan Soma
Biolo Philoso, Gender an, ; i ; . . ’
Entomole gg}l’Minor Sexto Ii’t’y}sl'tu ies Minor Biochemistry Biology Biochemistry Biology
Julia Hopkins Kelsey Rosales-Torres Laura Rush SM_a ra /ilfo;_es Mdegcllez . Shg [an Saee;l
: : ociology/Media and Cultura Middle East an
Neuroscience Neuroscience Psychology Sto J:{es double major lelamic Studios
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FROM THE

FACULTY ADVISOR BOARD

Since UCR’s Undergraduate Research
Journal started 15 years ago, it
has published over 160 scholarly
articles across many fields. These
papets represent the commitment
of our undergraduate students

to  performing independent
research as part of their
undergraduate expetience.

Because undergraduate research
can often form part of a larger
work with many contributors,
the importance of the student’s
contribution can  sometimes
be lost. With the Undergraduate
Research  Journal, students can
publish their wortk as first
authors before the end of the academic year through a peer-review
and publication process. The paper becomes a part of a student’s
professional experience, contributing to their record of scholarly

EXECUTIVE COMMITTEE FOR
UNDERGRADUATE RESEARCH

achievement. The Journals submission and review process is run
by undergraduates who form the Student Editorial Board, working
with members of the Faculty Advisory Board. We owe a debt of
gratitude to the students for their professionalism and dedication
for the review and preparation of the articles in this issue. We are
also grateful for the participation of the members of the Faculty
Advisory Board in guiding the reviewers. I would like to thank
Gladis Herrera-Berkowitz for her work in supporting and guiding
the process every year, Lisa Des Jardins for providing Graphic
Design assistance this year, as well as Undergraduate Education
for their funding support. If you are interested in publishing your
undergraduate research at UCR, consider submitting to our nextissue!

Prof. Mortis F. Maduro

Chair of the Undergraduate Research Journal
Faculty Advisory Board

Professor of Biology

FACULTY ADVISORY BOARD

Dr. Alicia Arrizon Associate Dean for Student Academic Affairs,

College of Humanities, Arts, and Social Sciences

Dr. Jennifer Brown

Committee Chair
Dr. Anil B. Deolaikar Dean, School of Public Policy
Dr. Thomas Dickson

Dr. Thomas Kramer
School of Business

Dr. Connie Nugent Divisional Dean for Student Academic Affairs,

College of Natural and Agricultural Services

Dr. Marko Princevac Associate Dean for Student Academic Affairs,

Marian and Rosemary Bourns College of Engineering

Dr. Louie Rodriguez
School of Education

EDITORIALTEAM

Vice Provost and Dean, Undergraduate Education,

Associate Dean of the Undergraduate Program,

Associate Dean for Undergraduate Education,

Assistant Vice Provost, Undergraduate Education

Andrea Denny-Brown English

Carolyn Murray Psychology

Catherine Larsen Chemistry

Elizabeth Davis Psychology

Erica Heinrich Biomedical Sciences
Isgouhi Kaloshian Nematology

James Tobias English

John Briggs University Writing Program
Jonathan Eacott History

Joshua Morgan Bioengineering

Leonard Mueller Chemistry
Matthew King Religious Studies
Monica Carson Biomedical Sciences

Morris Maduro Molecular, Cell, and Systems

Shaiva Patel Co-Editor-in-Chief
Co-Editor-in-Chief

Director, Student Engagement

Ethan Tanchoco
Gladis Herrera-Berkowitz

Jennifer Kavetsky
Center
Lisa Des Jardins
Student Engagement

Stacy Sweitzer Student Engagement Student Worker

Writing Support Specialist, Academic Resource

Engaged Learning Programs Coordinator,

Biology

RuoxueYan Chemical & Environmental
Engineering

Vorris Nunley English

Weiwei Zhang Psychology

Wendy Saltzman

Evolution, Eco/o/gy and

Orgamsmal Bio.
William Grover Bioengineering

Xiaoping Hu Bioengineering
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