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FROM THE 
ADMINISTRATION

As a research university, one of  
UC Riverside’s most important 
duties is the creation of  knowledge. 
Undergraduate research is a hallmark 
of  UCR’s scholarly and educational 
missions and a factor in our 
university’s impressive trajectory. With 
faculty-mentored research projects 
across a breadth of  disciplines, UCR 
provides a wealth of  opportunities for 

students to investigate complex questions and discover the joys of  
scholarly research.  

As you will see in this 16th volume of  the UC Riverside 
Undergraduate Research Journal, our students are making the most 
of  these opportunities and accomplishing truly inspiring work. The 
scholarship that appears each year in this publication represents 
research excellence and creative endeavors of  the highest order. 
UCR is at the forefront of  discovery, with a world-class faculty, 
including two Nobel laureates, and state-of-the-art instructional and 

testing laboratories. UCR is creating a home for students, faculty, 
and community members to collaborate, test, and learn. 

At UCR we are stewards of  transformation; it is in our DNA to 
ensure that we create an environment and structure that fosters 
innovation to solve our community and the world’s greatest 
challenges. I am impressed by the dedication and innovation 
displayed by the students and their mentors in pushing forward in 
research despite the challenges faced by the pandemic.

I congratulate all the students who contributed to this edition 
of  the Journal, and I express my sincere gratitude to the faculty 
mentors and staff  members that supported these students in their 
scholarly endeavors. 

Sincerely,

Kim A. Wilcox
Chancellor

Research is a crucial component of  
all disciplines—from the arts to the 
sciences, business to engineering, 
philosophy to biology. Each field 
undertakes research in its own way, 
but they are united by their curiosity 
and desire to advance knowledge. This 
year’s scholars conducted their research 
during a time of  significant transition 
as the university returned to primarily 

in-person learning and research activities. The articles in these pages 
reflect the wide range of  research and creative activities undertaken 
by our students—from a study of  students’ experiences in the 
US-Mexico transborder community to the biomedical applications 
of  biodegradable salicylic acid-based compounds.

A common image of  a researcher is of  a figure in isolation; however, 
the actual practice of  research is a collaborative effort. Faculty 
mentors encourage students to follow their curiosity, guide them 
in crafting important questions, and help them to develop the 
courage to seek answers. As a team, they advance knowledge in their 

disciplines and open the door to further inquiry. The Undergraduate 
Research Journal provides students a platform to share their research 
and an opportunity to continue their development as researchers. 

During my time at UCR, I have watched the Undergraduate 
Research Journal grow from its first issue in 2006. Throughout, it 
has featured some of  our university’s best faculty-mentored under-
graduate research and scholarship. The Sixteenth Edition continues 
to add to the university’s 68-year legacy and reflects the breadth of  
undergraduate research at UCR. I want to thank the faculty mentors 
for supporting and encouraging our undergraduates, the Student 
Editorial Board for leading the peer-review process, the Faculty 
Advisory Board for its consultation and advice, and the staff  of  
Student Engagement for their roles in producing this edition.

Sincerely, 

 

Ken Baerenklau, Ph.D.
Associate Provost and Chief  of  Staff
Interim Vice Provost and Dean of  Undergraduate Education
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UNDERGRADUATE RESEARCH JOURNAL 
EDITORIAL BOARD

It is with great pleasure that we present UC Riverside’s 16th edi-
tion of the Undergraduate Research Journal. We have had the 
honor of collaborating with brilliant minds across campus in 
bringing this publication to fruition during such an unpredictable 
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 ability to adapt to a constantly evolving en-
vironment, one that is not conducive to traditional undergradu-
ate research, is commendable and serves as a testament to UCR’s 
academic and creative culture built upon the pursuit of knowl-
edge. Your achievements found in this 16th edition will forever 
be a part of the Journal’s legacy. Congratulations to the Student 
Editorial Board and Faculty Advisory Board – 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 possi-
ble. Sincerely, 

Shayan Saeed & Preeti Sivakumar, Co-Editors-In-Chief
Preeti Sivakumar 

Editor-in-Chief 
Psychology

Shayan Saeed
Editor-in-Chief 

Middle East and Islamic Studies

Susan Nguyen 
Copy Editor
Biochemistry

Miku Shimono
Biochemistry

Kelsey Rosales-Torres
Psychology

Morgan Elisabeth Nator
Mathematics

Andrew Martin
Philosophy & Education

Farzaneh Liasi
Biology

Mahnur Bharucha
Biology

Justin Burzachiello
Physics

Sofia Gandarilla
Bioengineering

Ridwan Syed
Biology

Shehreen Khan
Sociology / Law & Society

Joshua Wong
Associate Editor-in-Chief

Biochemistry

 Rashid Syed
Biology

Ronit Krovidi
Associate Editor-in-Chief 

Cell, Molecular, and Developmental  
Biology

Alexandra Samawi
Copy Editor 

Cell, Molecular, and Developmental  
Biology
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FROM THE
FACULTY ADVISOR BOARD

Since UCR’s Undergraduate 
Research Journal started 16 
years ago, it has published 
over 160 scholarly articles 
across many fields. 
These papers represent 
the commitment of our 
undergraduate students to 
performing independent 
research as part of their 
undergraduate experience. 
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 
work 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 achievement. The Journal’s 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, as well as Undergraduate Education for their funding 
support.  If you are interested in publishing your undergraduate 
research at UCR, consider submitting to our next issue!

Prof. Morris F. Maduro
Chair of the Undergraduate Research Journal 
Faculty Advisory Board
Professor of Biology 

Dr. Alicia Arrizon Associate Dean for Student Academic Affairs, 
College of Humanities, Arts, and Social Sciences

Dr. Kenneth Baerenklau Interim Vice Provost and Dean, Undergraduate Edu-
cation, Committee Chair

Dr. Anil B. Deolaikar Dean, School of Public Policy

Dr. Thomas Dickson Assistant Vice Provost, Undergraduate Education

Dr. Thomas Kramer Associate Dean of the Undergraduate Program, 
School of Business

Dr. Connie Nugent Divisional Dean for Student Academic Affairs, 
College of Natural and Agricultural Services

VACANT Associate Dean for Student Academic Affairs, 
Marlan and Rosemary Bourns College of Engineering

Dr. Robert Ream Interim Associate Dean for Undergraduate Education, 
School of Education

Shayan Saeed Co-Editor-in-Chief

Preeti Sivakumar Co-Editor-in-Chief

Gladis Herrera-Berkowitz Director, Student Engagement

Jennifer Kavetsky Writing Support Specialist,
Student Engagement Coordinator

Lisa Des Jardins Assistant Director, Student Engagement

Andrea Denny-Brown English

Catherine Larsen Chemistry

Elizabeth Davis Psychology

Erica Heinrich Biomedical Sciences

James Tobias English

John Briggs University Writing Program

Joshua Morgan Bioengineering

Leonard Mueller Chemistry

Matthew King Religious Studies

Monica Carson Biomedical Sciences

Morris Maduro Molecular, Cell, and Systems        
Biology

Ruoxue Yan Chemical & Environmental 
Engineering

Vorris Nunley English

Weiwei Zhang Psychology

Wendy Saltzman Evolution, Ecology, and              
Organismal Biology

William Grover Bioengineering

Xiaoping Hu Bioengineering

EXECUTIVE COMMITTEE FOR 
UNDERGRADUATE RESEARCH FACULTY ADVISORY BOARD

EDITORIAL TEAM
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FACULTY ADVISORY BOARD

TIDES

Taken in La Jolla, San Diego. The tides can represent a lot to different people. To some, 
it represents persistence - with time even indestructible rocks crumble. To others, it 
represents change - high some days and low some nights. I find that the tides are similar 
to our experience in research, with every changing day giving us something new --- until 
finally, a new discovery washes ashore. 

ABOUT THE
COVER

Joshua Wang

Joshua Wang is a 
4thyear Neuroscience 
major and University 
Honors student. For 
the past three years, 
he has been involved in 
prostate cancer research 
under the guidance of 
Dr. Manuela Martins-
Green.  In 2021/2022 he 
served as a Chancellor's 
Research Fellow and the 
President of the Medical 
Emergency Education 
Project at UCR.  In his 
free time, Joshua enjoys 
photography and rock 
climbing.




