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FROM THE 
CHANCELLOR

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 17th 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 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 
����������������������������������������ơ����������������������������������������������������������
endeavors. 

Sincerely, 

 

Kim A. Wilcox 
Chancellor 
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Engaging with research is about discovery in two important ways. First, in the university context, students 
�������������������������������������������������������������������������������������Ƥ���������������������
interest. A student’s area of research interest may be sparked within the context of a class, learning about a 
���������ǯ���������������������������������������������ƥ��������ǡ���������������������������������������������
a topic. For others, discovery and engagement with research might be inspired by an issue, topic, or problem 
they would like to solve in the world or a community they care about and wish to serve.   

Secondly, the theme of discovery through research is also about the researcher—engaging in inquiry, 
question-asking, data-generation, and thinking about ways the work might impact the audience or topic 
being explored. This was certainly the case for me. I was introduced to research about halfway through my 
��������������������������������Ǥ������Ƥ���Ǧ������������������������������������������������������������
formative experiences of my college career. I explored the factors that contributed to high school student 
success, and this experience helped me discover my identity as an emerging researcher. Equally important 
to my identity as a researcher was my involvement in the honors program, my summer conducting research 
��������������������������������������ǡ���������������������������������������Ǥ�������Ƥ���Ǧ���������
engaging with research helps facilitate discovery in so many important ways. 

To a large degree, this volume of published work in the UCR Undergraduate Research Journal���ƪ�����
discovery by our students who have demonstrated a commitment to inquisitiveness, knowledge creation, 
and now, knowledge dissemination. The student-authors 
in this volume serve as a reminder that engaging with 
research is both an individual commitment to a goal but also 
an endeavor that is likely supported by a faculty mentor, 
a community, and a community of researchers that helps 
facilitate a student’s success. Finally, this volume serves as 
an inspiration to researchers everywhere, some of whom 
may have inspired the work represented in this volume, 
and those future student-researchers who may be at the 
beginning stages of their own research journeys.   

 

Congratulations to all of the contributors in this important 
volume!  

Louie F. Rodriguez
Vice Provost and Dean, Division of Undergraduate Education
Professor of Education

FROM THE 
VICE PROVOST AND DEAN,

UNDERGRADUATE EDUCATION
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UNDERGRADUATE RESEARCH JOURNAL 
EDITORIAL BOARD

It is with great pleasure that we present UC Riverside’s 17th 
ĞĚŝƟŽŶ� ŽĨ� ƚŚĞ� Undergraduate Research Journal. We have had 
ƚŚĞ�ŚŽŶŽƌ�ŽĨ� ĐŽůůĂďŽƌĂƟŶŐ�ǁŝƚŚ�ĞŵĞƌŐŝŶŐ�ŵŝŶĚƐ�ĂĐƌŽƐƐ� ĐĂŵƉƵƐ�
ŝŶ� ĚĞǀĞůŽƉŝŶŐ� ƚŚŝƐ� ƉƵďůŝĐĂƟŽŶ͘� /ƚ� ŝƐ� ƚŚĞ� ĐŽůůĞĐƟǀĞ� ĞīŽƌƚƐ� ŽĨ�
ĞǀĞƌǇŽŶĞ� ŝŶǀŽůǀĞĚ� ĂŶĚ� ƚŚĞ� ƟŵĞ� ƚŚĞǇ� ƉƌŽǀŝĚĞ� ƚŚĂƚ� ĞŶƐƵƌĞƐ� ƚŚĞ�
ĐŽŶƟŶƵĂƟŽŶ� ŽĨ� ƚŚŝƐ� ũŽƵƌŶĂů� ǁŝƚŚ� ƐƚĂŶĚĂƌĚƐ� ƚŚĂƚ� ƌĞŇĞĐƚ� ƚŚĞ�
ĞǆĐĞůůĞŶĐĞ� ƚŚĂƚ�h�Z� ƌĞƉƌĞƐĞŶƚƐ͘� �ŽŶŐƌĂƚƵůĂƟŽŶƐ� ƚŽ� ƚŚĞ� ĂƵƚŚŽƌƐ�
ĨŽƌ� ǇŽƵƌ� ĐŽŵŵŝƚŵĞŶƚͶǇŽƵƌ� ĐŽƵƌĂŐĞ� ƚŽ� ƉƵƚ� ǇŽƵƌ� ŝĚĞĂƐ� ŽƵƚ� ĨŽƌ�
ĐƌŝƟĐŝƐŵ�ĂŶĚ� ƌĞĮŶĞŵĞŶƚ� ŝŶ�ĂŶ�ĞŶǀŝƌŽŶŵĞŶƚ�ƵŶĨĂŵŝůŝĂƌ� ƚŽ�ŵĂŶǇ�
ŽĨ�ƵƐ͘��ŽŝŶŐ�ƐŽ�ŝƐ�ĐŽŵŵĞŶĚĂďůĞ�ĂŶĚ�ƐĞƌǀĞƐ�ĂƐ�Ă�ƚĞƐƚĂŵĞŶƚ�ƚŽ�ƚŚĞ�
ĐŽŵŵƵŶŝƚǇ�ŽĨ�ƐĐŚŽůĂƌƐ�ǇŽƵ�ŚĂǀĞ�ǁŽƌŬĞĚ�ǁŝƚŚ͘�zŽƵƌ�ĂĐŚŝĞǀĞŵĞŶƚƐ͕�
ĨŽƵŶĚ�ŝŶ�ƚŚŝƐ�ϭϳƚŚ�ĞĚŝƟŽŶ͕�ǁŝůů�ĨŽƌĞǀĞƌ�ďĞ�Ă�ƉĂƌƚ�ŽĨ�ƚŚĞ�:ŽƵƌŶĂů Ɛ͛�
ůĞŐĂĐǇ͘� �ŽŶŐƌĂƚƵůĂƟŽŶƐ� ĂƌĞ� ĂůƐŽ� ĚƵĞ� ƚŽ� ƚŚĞ� ^ƚƵĚĞŶƚ� �ĚŝƚŽƌŝĂů�
�ŽĂƌĚ�ĂŶĚ�&ĂĐƵůƚǇ��ĚǀŝƐŽƌǇ��ŽĂƌĚʹǇŽƵƌ�ĚŝůŝŐĞŶĐĞ�ĂŶĚ�ĚĞĚŝĐĂƟŽŶ�
ƚŽ�ƚŚĞ�ƉƵďůŝĐĂƟŽŶ�ƉƌŽĐĞƐƐ�ŚĂǀĞ�ĞŶƐƵƌĞĚ�ƚŚĞ�ƋƵĂůŝƚǇ�ĂŶĚ�ƐƵĐĐĞƐƐ�
ŽĨ� ƚŚĞ� :ŽƵƌŶĂů͘� tĞ� ĂƌĞ� ƌĞŵĂƌŬĂďůǇ� ŐƌĂƚĞĨƵů� ƚŽ� ŚĂǀĞ� ďĞĞŶ� ƉĂƌƚ�
ŽĨ� ƚŚĞ� ŽƵƚƐƚĂŶĚŝŶŐ� ƚĞĂŵ� ƚŚĂƚ� ŵĂĚĞ� ƚŚŝƐ� ĞĚŝƟŽŶ� ƉŽƐƐŝďůĞ͘�
^ŝŶĐĞƌĞůǇ͕ �DĂŚŶƵƌ��ŚĂƌƵĐŚĂ�ĂŶĚ��ŶĚƌĞǁ�DĂƌƟŶ͕��ŽͲ�/�ΖƐ

��������������
Editor-in-Chief 

Philosophy & Education

���������������
Editor-in-Chief 

Biological Sciences

�������������
Copy Editor

Cell, Molecular, and Developmental  
Biology

�������������
Political Science & Psychology

������������
Political Science

����������������������
Mathematics

Justin Burzachiello
Physics

��Ƥ��
���������
Bioengineering

Vanessa Hua
Environmental Science

������������������Ǧ�������
Microbiology

Nadia Farooq
Copy Editor

Neuroscience

����������������
Associate Editor

Neuroscience

�������������
Copy Editor 
Psychology

�����������
Environmental Science
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FROM THE
FACULTY ADVISOR BOARD

^ŝŶĐĞ�UCR's Undergraduate 
Research Journal started 17 
ǇĞĂƌƐ� ĂŐŽ͕� ŝƚ� ŚĂƐ� ƉƵďůŝƐŚĞĚ�
ŽǀĞƌ� ϭϲϱ� ƐĐŚŽůĂƌůǇ� ĂƌƟĐůĞƐ�
ĂĐƌŽƐƐ� ŵĂŶǇ� ĮĞůĚƐ͘�
These papers represent 
ƚŚĞ� ĐŽŵŵŝƚŵĞŶƚ� ŽĨ� ŽƵƌ�
ƵŶĚĞƌŐƌĂĚƵĂƚĞ� ƐƚƵĚĞŶƚƐ� ƚŽ�
ƉĞƌĨŽƌŵŝŶŐ� ŝŶĚĞƉĞŶĚĞŶƚ�
ƌĞƐĞĂƌĐŚ� ĂƐ� ƉĂƌƚ� ŽĨ� ƚŚĞŝƌ�
ƵŶĚĞƌŐƌĂĚƵĂƚĞ� ĞǆƉĞƌŝĞŶĐĞ͘�
�ĞĐĂƵƐĞ� ƵŶĚĞƌŐƌĂĚƵĂƚĞ�
ƌĞƐĞĂƌĐŚ� ĐĂŶ� ŽŌĞŶ� ĨŽƌŵ�
ƉĂƌƚ� ŽĨ� Ă� ůĂƌŐĞƌ� ǁŽƌŬ�
ǁŝƚŚ� ŵĂŶǇ� ĐŽŶƚƌŝďƵƚŽƌƐ͕�
ƚŚĞ� ŝŵƉŽƌƚĂŶĐĞ� ŽĨ� ƚŚĞ�
ƐƚƵĚĞŶƚΖƐ� ĐŽŶƚƌŝďƵƟŽŶ� ĐĂŶ�
ƐŽŵĞƟŵĞƐ� ďĞ� ůŽƐƚ͘� tŝƚŚ�

the Undergraduate Research Journal͕�ƐƚƵĚĞŶƚƐ�ĐĂŶ�ƉƵďůŝƐŚ�ƚŚĞŝƌ�
ǁŽƌŬ�ĂƐ�ĮƌƐƚ�ĂƵƚŚŽƌƐ�ďĞĨŽƌĞ�ƚŚĞ�ĞŶĚ�ŽĨ�ƚŚĞ�ĂĐĂĚĞŵŝĐ�ǇĞĂƌ�ƚŚƌŽƵŐŚ�
Ă�ƉĞĞƌͲƌĞǀŝĞǁ�ƉƵďůŝĐĂƟŽŶ�ƉƌŽĐĞƐƐ͘�dŚĞ�ƉĂƉĞƌ�ďĞĐŽŵĞƐ�Ă�ƉĂƌƚ�ŽĨ�

ƐƚƵĚĞŶƚƐ͛� ƉƌŽĨĞƐƐŝŽŶĂů� ĞǆƉĞƌŝĞŶĐĞ͕� ĐŽŶƚƌŝďƵƟŶŐ� ƚŽ� ƚŚĞŝƌ� ƌĞĐŽƌĚ�
ŽĨ� ƐĐŚŽůĂƌůǇ�ĂĐŚŝĞǀĞŵĞŶƚ͘�dŚĞ� :ŽƵƌŶĂůΖƐ� ƐƵďŵŝƐƐŝŽŶ�ĂŶĚ� ƌĞǀŝĞǁ�
ƉƌŽĐĞƐƐ�ŝƐ�ƌƵŶ�ďǇ�ƵŶĚĞƌŐƌĂĚƵĂƚĞƐ�ǁŚŽ�ĨŽƌŵ�ƚŚĞ�^ƚƵĚĞŶƚ��ĚŝƚŽƌŝĂů�
�ŽĂƌĚ͕�ǁŽƌŬŝŶŐ�ǁŝƚŚ�ŵĞŵďĞƌƐ�ŽĨ�ƚŚĞ�&ĂĐƵůƚǇ��ĚǀŝƐŽƌǇ��ŽĂƌĚ͘�tĞ�
ŽǁĞ�Ă�ĚĞďƚ�ŽĨ�ŐƌĂƟƚƵĚĞ�ƚŽ�ƚŚĞƐĞ�ƐƚƵĚĞŶƚƐ�ĨŽƌ�ƚŚĞŝƌ�ƉƌŽĨĞƐƐŝŽŶĂůŝƐŵ�
ĂŶĚ�ĚĞĚŝĐĂƟŽŶ�ƚŽ�ƚŚĞ�ƌĞǀŝĞǁ�ĂŶĚ�ƉƌĞƉĂƌĂƟŽŶ�ŽĨ�ƚŚĞ�ĂƌƟĐůĞƐ�ŝŶ�ƚŚŝƐ�
ŝƐƐƵĞ͘�tĞ�ĂƌĞ�ĂůƐŽ�ŐƌĂƚĞĨƵů�ĨŽƌ�ƚŚĞ�ƉĂƌƟĐŝƉĂƟŽŶ�ŽĨ�ƚŚĞ�ŵĞŵďĞƌƐ�
ŽĨ�ƚŚĞ�&ĂĐƵůƚǇ��ĚǀŝƐŽƌǇ��ŽĂƌĚ�ŝŶ�ŐƵŝĚŝŶŐ�ƚŚĞ�ƌĞǀŝĞǁĞƌƐ͘� /�ǁŽƵůĚ�
ůŝŬĞ�ƚŽ�ƚŚĂŶŬ�'ůĂĚŝƐ�,ĞƌƌĞƌĂͲ�ĞƌŬŽǁŝƚǌ�ĨŽƌ�ŚĞƌ�ǁŽƌŬ�ŝŶ�ƐƵƉƉŽƌƟŶŐ�
ĂŶĚ�ŐƵŝĚŝŶŐ�ƚŚĞ�ƉƌŽĐĞƐƐ�ĞǀĞƌǇ�ǇĞĂƌ͕ �>ŝƐĂ��ĞƐ�:ĂƌĚŝŶƐ�ĨŽƌ�ƉƌŽǀŝĚŝŶŐ�
'ƌĂƉŚŝĐ��ĞƐŝŐŶ�ĂƐƐŝƐƚĂŶĐĞ͕� :ĞŶŶŝĨĞƌ�<ĂǀĞƚƐŬǇ� ĨŽƌ�ŚĞƌ�ƐƵƉƉŽƌƚ�ŽĨ�
ŽƵƌ�ĂƵƚŚŽƌƐ͕�ĂƐ�ǁĞůů�ĂƐ�hŶĚĞƌŐƌĂĚƵĂƚĞ��ĚƵĐĂƟŽŶ�ĨŽƌ�ƚŚĞŝƌ�ĨƵŶĚŝŶŐ�
ƐƵƉƉŽƌƚ͘��/Ĩ�ǇŽƵ�ĂƌĞ�ŝŶƚĞƌĞƐƚĞĚ�ŝŶ�ƉƵďůŝƐŚŝŶŐ�ǇŽƵƌ�ƵŶĚĞƌŐƌĂĚƵĂƚĞ�
ƌĞƐĞĂƌĐŚ� Ăƚ� h�Z͕� ĐŽŶƐŝĚĞƌ� ƐƵďŵŝƫŶŐ� ƚŽ� ŽƵƌ� ŶĞǆƚ� ŝƐƐƵĞ͊

WƌŽĨ͘ �DŽƌƌŝƐ�&͘ �DĂĚƵƌŽ
�ŚĂŝƌ�ŽĨ�ƚŚĞ�hŶĚĞƌŐƌĂĚƵĂƚĞ�ZĞƐĞĂƌĐŚ�:ŽƵƌŶĂů�
&ĂĐƵůƚǇ��ĚǀŝƐŽƌǇ��ŽĂƌĚ
WƌŽĨĞƐƐŽƌ�ŽĨ��ŝŽůŽŐǇ 

Andrea Denny-Brown English

Elizabeth Davis Psychology

William Grover Bioengineering

Erica Heinrich Biomedical Sciences

Joshua Morgan Bioengineering

Leonard Mueller Chemistry

Morris Maduro Molecular, Cell, and Systems Biology
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