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Letter from the Editors
To all of our readers, faculty, and staff, we would like to express our utmost gratitude for
providing us the opportunity to showcase the exceptional work done by undergraduate
students here at the University of Rochester. It has truly been an honor to serve as Editors-
in-Chief of the Journal of Undergraduate Research for the past year. Although the
COVID-19 pandemic has certainly brought unprecedented challenges upon our
community, we have found that is only more reason to celebrate the academic successes
that have persevered in the face of adversity. We have always been impressed by the
passion and drive of the research community here at the University of Rochester, but the
resilience of our fellow undergraduate students over the course of the past year has never
been so evident. As we have adjusted to an ever-changing sense of normalcy, the
Rochester community has forged on with grace, continuing to explore uncharted territory
in the name of innovation.

In our Spring 2021 issue, we highlight four articles and several abstracts from our
institution’s research exposition that truly capture the interdisciplinary realm of research
being conducted at Rochester. From Dominique Dorvil’s examination of the intersection
between race and beauty in social media to Lia Rodriguez’s investigation on the pathology
of Alzheimer’s disease, we believe that the research in this issue serves as a testament to
the potential of undergraduate scholarly pursuits to chip away at the diverse and unique
problems facing our world. We hope that the work showcased in the coming pages serves
as a source of inspiration for our readers to continue to pursue their academic passions in
the face of unexpected challenges.

We extend our sincerest gratitude once again to all of our authors, faculty, and editorial
team that have made this publication possible. We could not do this without all of your
contributions to and unwavering support for JUR’s exploration of the research done at our
institution. To our readers, we hope you enjoy and draw inspiration from the snapshot of
our academic community displayed in this issue.

Sincerely,

Shelby Sabourin & John Roy Lozada

Editors-in-Chief
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Professor Interview
Llerena Searle, PhD
Associate Professor
Director of Undergraduate Studies
Department of Anthropology
University of Rochester

JJUR: Could you tell us about your education and pro-
fessional background and how you became involved
in research?

Searle: My undergraduate degree is an art history actually.
Then I started a PhD program in urban geography but found
it a little too statistical and was interested more in qualitative
research. So, I joined an anthropology PhD program. I've
always had really wide-ranging interests and thus my work
has always been a little bit interdisciplinary, but I've found
both the theoretical frameworks and the methods of anthro-
pology fit the way that I want to do research the best. So I
finished my PhD and now I'm teaching anthropology here at
the U of R.

JUR: How did you get involved in research during under-
grad?

Searle: I'm a very visual thinker and visual person, so it was
fairly easy to write somewhat original term papers based on
visual data that professors were providing in my art history
courses. I remember I took a seminar where we had to write
about Giotto’s frescoes at the Scrovegni Chapel outside of
Padua in Northern Italy. I got really into it, and I felt like I
was coming up with my own contributions, however small,
to something that many people had studied before. I could go
to the library, look at representations and think about them
on my own and try to piece things together. That process was
really exciting.

I also took a lot of geology classes and all sorts of things in
college. But whenever they had a hands-on component, that
was the bit that I really enjoyed. I took a geology class where
we had to draw rocks. There was no classroom component to
the class, so we were out in the field every week doing field
trips, and that was stunning and fun. I knew since high
school that I wanted to teach, but in college it was those
hands-on moments where I got to put things together for
myself that made research seem really exciting.

JUR: How did you get involved in researching India?

Searle: I got to go on a mini study abroad program for four
weeks to India. I had always wanted to go to India but didn't
ever think that I would get there. This was a winter session

program to study village-level, small-scale craft and textile
production in Rajasthan and Gujarat. It was really fascinating
but was also very uncomfortable. India is a very different and
complex place, and I found the trip intriguingly uncomfort-
able, enough for me to feel like if I was going to research a
particular place, this is the place that I could work for the rest
of my life and maybe not fully understand it. And so that's
how I got interested in it. Also on that trip, we'd go to places
like Ahmedabad, which has this amazing industrial history
and the city itself is so interesting in terms of ethnic and reli-
gious tensions and industrial history. I just felt like, “Oh,
there's so much more here that I as a scholar want to under-
stand,” in the small-scale craft area, and how that's related to
other things like industrial history and urbanization.

JUR: How does this connect to your Fulbright experience?
And on your Fulbright, what did you learn as a researcher?

Searle: I had already done significant language work in India
and research for my dissertation, which was funded by the
National Science Foundation and the American Institute of
Indian Studies. I then published the book based on that work.
I'm now working a new project on the material culture of
home and domesticity. I am thinking about the changes in
marketing, design, and production of goods for people's
homes. I worked on that project on the Fulbright, where I
was in Delhi interviewing designers and trying to get a sense
of the lay of the land. I went to some trade fairs, hung out at
a design office for a week, and stuff like that.

That was also a very interesting experience because I had my
family with me. It was the first time that I had traveled to
India with my kids (who were then two and seven), so that
was really interesting. Finding time to do the research was
tricky, but I really enjoyed the way that having kids changed
my relationships with people there. We spent quite a bit of
time at the beginning trying to find a daycare center for my
daughter who was two. I'd never really thought about the
ways that people talk about what women should be doing,
whether kids should be in daycare, or what is education like
for kids in India. It was so interesting, and it's like every time
I go, I learn new things. Sometimes those aren't the things I
think I'm going to be learning, but bringing the kids defi-
nitely changed that.

JUR: And when was your Fulbright experience?

Searle: The Fulbright was in the fall of 2018.

JUR: And you published your book before going on the Ful-
bright. What was that process like? What did you wish you
learned before going through the process of publishing a
book?

Searle: I don’t know if there's anything that I wish I knew be-
fore. Anthropology has a particularly long process of doing
the field work. I had done my field work in 2006 to 2008, and
then I wrote my dissertation by 2010. So even by other disci-
plines, that itself is a long process. And then I was doing the
revisions on the final book in 2015, so it was just a very long
process. But I think it's good because it really gives you the
time to pour over one's data, reconsider it, and think about it
in new ways. Sometimes it takes time to figure out a new lan-
guage for articulating what it is you're finding, and that revi-
sion process really helped me help me to do that.

JUR: I know you mentioned the design project that you're
working on, but are there other specific things that you're
working on as a researcher right now?

Searle: It is a little tricky right now because of COVID, since
I didn't get to go to India last summer and I won't be able to
go this summer. There are little spinoff things that I currently
do in relation to the first book. The book was about this pe-
riod between 2006 and 2008 when there was this boom in
real estate in India and got me thinking about financializa-
tion. Then of course in 2008, there was a global financial cri-
sis. I have written since about what happened after the crisis
and thinking about how if we think of financialization as also
networks of brokers. If we look at the networks of people that
mobilize in order to make land and buildings into financial
assets, then what happens to those networks when a crisis
happens? You're trying to liquidate assets instead of creating,
and so I've written about that. That research taken me far
from the materiality of the city and into reading the quarterly
reports of various real estate funds and doing a little bit of
forensic economic work. So that was something that was tak-
ing up my time.

I'm also continuing to trace what designers are doing on In-
stagram and other social media platforms. But I've also been
thinking quite a bit about labor. One of the things that de-
signers were saying was that it was one thing to design some-
thing, and it was another thing to get it made. So, I've been
really interested in the class dynamics of getting things made
in India, particularly at this time when the government has
really been touting “Made in India.” I’ve been exploring the
questions, “How is labor organized?” and “How is the work
that people do with their hands valued or not valued?” Be-

cause often the designers are upper class, upper caste, and
have particular professional educations, so they see them-
selves as quite distinct from the people who would actually
be building or making the things that they're designing. So
this has become an interest of mine while I haven’t been in
the field. I've been doing a lot of reading on labor in India,
labor organization, informal labor.

JUR: So it seems like the quality of investigative analysis is
quite helpful in being a researcher. Can you think of other
traits that are good for a researcher to have?

Searle: Curiosity and perseverance are the ones that I can
think of, and a willingness to follow what's going on and
where it leads. I feel like every time I go to do field work in a
place, there's things happening that I didn't think about
when I was at home. Even though we have the web and social
media, the way people are talking about things and what's
happening on the ground is always different from what I
anticipate. Being flexible enough to say, “Okay, I thought I
wasn't doing a project on this, but actually here's the really
interesting thing.” is a good trait to have.

JUR: How do you suggest that U of R undergraduates get in-
volved in research?

Searle: First of all, sometimes professors don’t know that they
are looking for research assistants. But if you learn about a
professor’s research and find it interesting, you should just
approach them. In the anthropology department specifically,
we have some courses that help students get involved in
research. So we have our majors take a methods class, which
is really helpful. But actually many of our classes offer the
opportunity to do some original research and especially our
advanced topics courses. In a class setting, it can be fun to
start some research because then at least you are structured
or scaffolded by the other readings and the professor there.
So I think that can be a really great way to get started on
something. Another thing is (and this is difficult right now),
but bringing experiences in travel, an internship, or study
abroad to scholarly research gives it depth. If you're passion-
ate, intrigued, or curious about something, then that's going
to be really interesting research.

JUR: Do you have any last words of wisdom or advice for un-
dergraduates in general?

Searle: Try to find ways to do what you love. We live in eco-
nomically and socially uncertain times now, so there's a lot of
pressure to do certain things in college or to have a plan for
your career. But if you can, finding ways to do the things that
you really enjoy and taking the chance to experiment a little
to find out what those things may be can be really beneficial.
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Describing Community Health Worker Implementation of
WORTH Transitions, an Evidence-Based Program for Jus-
tice Involved Women with Substance Use Disorders and
HIV Risk

Author: Zainab Shah '22, Psychology & Religion

Mentor:Dr. Diane Morse, Psychiatry

Women recently released from incarceration are at greater
risk for HIV, Hepatitis C, substance use, trauma, and mental
health disorders. To address these problems, we aimed to
assess community health worker (CHW) and client partici-
pant perceptions in the context of implementing WORTH
Transitions, an integration of two evidence-based programs:
Women on the Road to Health (WORTH) and Transitions
Clinic (TC). WORTH is a structured five-session interven-
tion, efficacious in decreasing HIV risk behaviors, intimate
partner violence episodes, and substance use among justice-
involved women. TC provides culturally-informed primary
care and peer navigation to those reentering from incarcera-
tion, and is efficacious in improving health and retention in
care. We utilized the Consolidated Framework for Imple-
mentation Research (CFIR) “characteristics of individuals”
construct by focusing on the three CHWs and who imple-
mented the WORTH Transitions program, and nine clients
that they served. As peer CHWs, they shared socioeconomic
status and life experiences with the women recently released
from incarceration that they served. We conducted and used
thematic qualitative analysis of CHW and client interviews in
the course of the project in a pragmatic design to inform in-
tervention and retention strategies. CHWs were able to learn
and implement an evidence-based intervention for women
with whom they share life experiences. Clients responded
favorably to their CHWs having shared experiences and were
able to access necessary resources through their CHWs.
These findings support implementation of needed evidence-
based programs for justice-involved women and build the
knowledge base for needed research on efficacy of peer-
driven and implemented approaches in this population.

Amidst Violence: Community and Catharsis at the Site of
Protest

Author: Amanda Liang '21, Interdepartmental Studies: Argu-
ment and Advocacy

Mentors:Kristin Doughty, Anthropology; Joshua Dubler, Reli-
gion

Based on 9 months of auto-ethnography as a Street Medic,
semi-structured ethnographic interviews, and participant

observation at the Rochester (NY) Black Lives Matter
protests following the murder of Daniel Prude in March
2020, this project details how participants navigate viscerally
the dialectic between the beautiful and the horrific which oc-
curs at the site of protest. Using Miranda Fricker’s Epistemic
Injustice as a framework for understanding the embodiment
of community at the site of protest, I argue that the acquisi-
tion of epistemic resources through solidarity enables left-al-
igned protest subcultures to understand, feel, and give lan-
guage to their own experiences of violence, trauma, and
alienation––thus experiencing catharsis. Fricker’s socially
situated epistemic injustice is then relieved because the harm
done to someone in “their capacity as a knower” is resolved
with knowledge experienced through community and mu-
tual aid. By contextualising the embodiment of community
as a set of strategies for confronting epistemic injustice, we
are able to understand how alienation from community re-
sults in a catastrophic detachment from the catharsis neces-
sary to sustain direct engagement with structural and physi-
cal violence over time. As such, I conclude that community
and catharsis are instrumental in allowing us to reimagine
and recontextualise our relationship with violence.

Manganese Promoted Oxidative Radical Addition Reac-
tions

Author: Yeonseong Seo '21, Molecular Genetics & Chemistry

Mentor: Shauna Paradine, Chemistry

Single electron transfer (SET) chemistry refers to reactions
initiated by one-electron redox events that proceed through
radical intermediates. Due to the short-lived nature of these
intermediates, such reactions typically proceed with kinetic
selectivity, hence less sensitive to steric and stereoelectronic
effects compared to their two-electron counterparts. These
characteristics have led to recent studies on the applicability
of SET chemistry in generating congested stereocenters and
constructing complex polycyclic molecular frameworks.
Among various transition metal complexes that have been
employed to carry out such reactions, the Paradine group has
identified manganese carboxylate complexes as promising
mediators for enantioselective oxidative radical reactions.
The group envisions that designing a series of chiral ligands
with varying steric and electronic properties may enable
catalyst control over reaction outcomes with regard to stere-
oselectivity.

Oxidative radical reactions are complementary to their re-
ductive counterparts because the oxidation of radical inter-
mediates to their corresponding cations enables diverse

Abstracts from the Annual Undergraduate Research Expo 2021
University of Rochester, Rochester, NY
April 16th, 2021

pathways of termination. In particular, reactions with het-
eroatom donors may result in highly functionalized, versatile
products. The foundation for employing manganese(III) ac-
etate, a one-electron oxidant, in oxidative radical reactions
was laid in the late 1960s when the carboxymethyl radical
generated from heating the reagent in acetic acid was added
to alkenes. At first, the resulting radicals were further oxi-
dized with an additional equivalent of the manganese
reagent, but within the next few years, copper(II) acetate was
found to be an efficient cooxidant, standardizing the pair in
promoting similar reactions. Efforts towards elucidating the
mechanism of this newfound reactivity resulted in the dis-
covery of the rate-determining step: the enolization of acetic
acid promoted by the oxo-centered manganese(III) triangle.
This suggested that the SET pathways mediated by mangane-
se(III) acetate proceeded with manganese-bound α-acetate
radicals, revealing the potential for stereocontrol using lig-
ands bound to the metal.

Inspired by these findings, the Paradine group launched this
project by investigating potentially enantioselective in-
tramolecular cyclization reactions of β-keto esters and mal-
onate esters with an alkene tethered to either ends of the
molecule. Malonate ester substrates that form a lactone moi-
ety upon radical cyclization were subjected to stoichiometric
amounts of manganese acetate and copper acetate in acetic
acid. The initial substrate bearing a trisubstituted alkene
suffered from poor product yields and chemoselectivity is-
sues despite several optimization efforts. A few strategies to
improve these results were devised: removing an α-hydrogen
via substitution was imagined to prevent further oxidation,
and attaching a phenyl group to the alkene instead of a gem-
dimethyl group was assumed to promote lactone-trapping.
With the α-methyl derivative of the initial substrate, which
afforded improved yields, an array of polar aprotic solvents
were screened. Eliminating the risk of ligand exchange by
replacing acetic acid was a critical step for the incorporation
of chiral manganese carboxylate complexes. Unfortunately,
no product formation was observed in the presence of chiral
manganese methyl-mandelic acid complex when monitored
via gas chromatography. In addition, a handful of malonate
esters bearing a phenyl-substituted alkene were prepared to
construct a bicyclic lactone moiety upon radical cyclization
and internal nucleophilic attack. These molecules, however,
did not exhibit the desired reactivity in the presence of achi-
ral metal complexes; only cleaved fragments and decom-
posed debris were isolated regardless of the reaction temper-
ature or duration.

In an effort to converge this work with ongoing projects
within the group, the focus of this project was shifted to
intermolecular addition reactions between β-keto esters and
aryl-substituted alkenes under catalytic conditions.
Cobalt(II) acetate was introduced to the reaction conditions
to achieve the regeneration of active metal species and com-
plete the proposed catalytic cycle. Similar trends from previ-
ous studies were observed with these substrates regarding the
number of acidic α-hydrogens that were available on the es-

ters; the collective yields of radical addition products were
improved with α-methyl substitution. However, these reac-
tions resulted in a handful of products with quite unpre-
dictable chemoselectivity. Varying mixtures of elimination
and lactonization products were formed from different sub-
strates, rendering it difficult to extrapolate trends for further
investigation, especially with chiral metal species.

The series of unfruitful results motivated the search for a new
class of manganese-mediated or catalyzed reactions. Inspired
by recent reports on manganese-catalyzed cyclopropanol and
cyclobutanol ring-opening reactions in the literature, the
group decided to investigate the applicability of the man-
ganese/copper/cobalt system to these reactions. Oxidative
ring-opening reactions of aryl cyclobutanols with various
aryl enones are currently under investigation. The introduc-
tion of stereodirecting elements to these substrates or the lig-
ands complexing with manganese is anticipated to elucidate
unexplored trends in chemo-, regio-, and stereoselectivity.

Bayesian Analysis of Ambient Noise Cross Correlation
Functions using a Low-Quality Seismic Network

Author: Siyu Xue '22, Anthropology & Data Science

Mentor: Tolulope Olugboji, Environmental Science

Although ambient noise dispersion measurements are being
published on the African continent, how these measure-
ments compare to previous results, affect updates to global
lithospheric models, or should be used in joint inversion
schemes, is not well understood or often rarely investigated.
In this study, we apply a hierarchical Bayesian technique to
extract ambient noise phase dispersion and its uncertainties
using station-pairs within sub-arrays from different classes of
networks on the continent. Unlike iterative schemes, this
approach requires limited a-priori constraints, and employs
a global search for constraining the measurement uncer-
tainty during the inversion for phase and group velocity dis-
persion using the ambient noise cross correlation functions.
Since data quality varies across the entire region, we report
on how the uncertainties in phase dispersion measurements
depend on structural and non-structural parameters: i.e.,
duration of operation, metadata quality, and sediment or
low-velocity zones. A continent-wide reference dataset with
uncertainties derived from data will be useful for updating
lithospheric models during joint inversions with other seis-
mic datasets. For example, global lithospheric models are
heavily cited and widely used across the broader geoscience
community, so ensuring that they fully incorporate short-
wavelength, short-period ambient noise surface wave mea-
surements, especially in regions that have only recently been
instrumented, e.g., Africa, will be beneficial.
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Resisting Gentrification: Then & Now: A Virtual Confer-
ence to Facilitate Conversations about Gentrification in the
City of Rochester

Author: Casey Ryu '22, Linguistics & Archaeology, Technology,
and Historical Structures

Mentor: Lauren Caruso, Center for Community Engagement

This project involved partnering with 540WMain, a local
virtual antiracist education platform that promotes justice
for all within the City of Rochester, to develop and deliver a
virtual conference about the effects of gentrification with the
theme of Resisting Gentrification: Then & Now to explore the
historical roots of policies and practices that still exist in the
present.

The Impact of Weather Shocks on Crop Yields: Evidence
from India

Author: Pramod Manohar '23, Economics & Mathematics

Mentor: Travis Baseler, Economics

Agriculture is highly dependent on weather conditions, and
previous research at the country-level suggests that poorer
countries are more significantly affected by climate change
than richer countries. Moreover, evidence from climate sci-
ence research suggests that extreme weather events are more
likely to occur and that temperature and rainfall is becoming
more volatile. This will have wide-ranging and damaging
effects in poorer countries as a large proportion of the popu-
lation in poorer countries are dependent on the success of
agriculture. By exploiting annual variation in temperature,
rainfall, crop yields, and crop prices within 313 apportioned
Indian districts, I test whether higher temperature and less
rainfall significantly decreases the aggregate output value of
13 major crops. I find that a 1℃ deviation above the temper-
ature trend line leads to a 27% decrease in output value
within a state for a given year, indicating massive losses from
large fluctuations in temperature.

Maternal Executive Functioning Partially Mediates Effects
of Early Socioeconomic Risk on Child Executive Function-
ing

Author:Grace Messina '21, Psychology & Brain and Cognitive
Sciences

Mentor:Melissa Sturge-Apple, Psychology

Development of children’s executive functioning (EF) can be
influenced by socioeconomic status (SES) and maternal EF,
particularly in early childhood. In a diverse, socioeconomi-
cally stratified sample of 152 mother-child dyads, this longi-
tudinal study found that maternal working memory medi-
ates associations between SES and child EF, but inhibitory
control does not.

Dance and Movement Patterning: A Tool to Explore the
Physical Symptoms of Autism Spectrum Disorder

Author: Alydia Meinecke '21, Biology & Dance Studies

Mentor: Rose Pasquarello Beauchamp, Program of Dance and
Movement

Autism Spectrum Disorder is a developmental disorder that
affects communication, behavior, and is expressed through
various emotional, social, and physical characteristics. In
efforts to further explore the physical symptoms, a series of
three surveys were administered to evaluate participants’ bal-
ance, coordination, and proprioceptive abilities. These phys-
ical deficits influence movement patterns experienced by in-
dividuals with Autism Spectrum Disorder(ASD). The partic-
ipants of this study were members at AutismUp, a non-profit
organization whose facility offers classes and workshops for
people with ASD. The participants who were enrolled in a
weekly dance class at AutismUp were observed and their
movement qualities and tendencies were notated using La-
ban/Bartenieff Movement Studies’ Efforts and Patterns of
Total Body Connectivity. The results of the observations were
correlated to the results of the survey to determine the rela-
tionship between the physical symptoms and the resulting
movement patterns presented by the participants. These
movement patterns were then used to generate a movement
vocabulary to inform the choreography of a dance film that
served as an artistic interpretation of the data and an explo-
ration of what is creatively possible in the presence of physi-
cal restrictions. Therefore, this study investigated the rela-
tionship between the physical symptoms and the movement
patterns of children with Autism Spectrum Disorder and
how these patterns can be expressed through dance.

Effects of Prenatal Stress on Cytokine Levels and Placental
Vascularization

Author: Lejla Sose ‘22, Neuroscience & Psychology

Mentor: Allison Ciesla, Psychiatry

Stress has been associated with increased pro-inflammatory
and decreased anti-inflammatory cytokine levels, which have
been shown in previous research to negatively affect preg-
nancy and child development. Additionally, pro-inflamma-
tory cytokines have been shown to negatively impact placen-
tal vascularization which has been associated with poor peri-
and post-natal child outcomes. In this study, I examined the
relationship between stress, levels of IL-6, IL-10 and TNF-a
cytokines in the first trimester, and the placental surface
area/vascularization ratio in 130 normal pregnancies within
the Understanding Pregnancy Signals and Infant Develop-
ment (UPSIDE) cohort study in Rochester, NY. Multiple
linear regression analyses showed that stress did not signifi-
cantly affect the levels of cytokines or the surface area/vascu-
larization ratio of the placenta, but several trends were ob-
served. Cytokines alone did not significantly affect the sur-
face area/vascularization ratio. Age, family poverty income

ratio and education were significant predictors of stress
scores, but not of cytokines or surface area/vascularization
ratio. The results suggest that other mechanisms are at play
and provide opportunities to expand the research question to
include different cytokines and placental measures across
trimesters.

Toll-Like Receptors and Viral Persistence in Xenopus laevis

Author: Vignya Dontu '23, Health, Behavior, and Society

Mentor: Jacques Robert, Microbiology and Immunology

Previous research with Xenopus laevis adult frogs revealed
an unexpected association between the stimulation of toll-
like receptor 5 (TLR 5), recognizing bacterial flagellin, and a
resurgence in quiescent infection by the ranavirus frog virus
3 (FV3) persisting in asymptomatic frogs, leading to sys-
temic, often lethal, infection. In contrast, TLRs 7 and 22, that
both detect RNAs from pathogens, did not play critical roles
in reactivation of infection in asymptomatic FV3 carriers.
This raised the question as to whether these TLRs that are
usually involved in host antiviral responses are involved dur-
ing the primary FV3 infection. To determine whether TLR7
and TLR 22 participate in early X. laevis host response
against FV3, we monitored their gene expression response in
different tissues of adult frogs following infection with wild
type FV3 and different recombinant FV3 deficient for puta-
tive immune evasion genes. It was hypothesized that the
frogs infected with FV3 KO (∆64R- or ∆18K- FV3) strains
would show higher expression of TLR 7 and 22 compared to
the frogs infected with the WT-FV3 or mock infected with
APBS. The data from this study indicates a rapid and signifi-
cant increase of TLR 22 transcripts upon FV3 infection, but
not TLR 7. Furthermore, we found that viral loads and
macrophage recruitment at the site of infection was higher in
the frogs infected with the WT strain compared to the re-
combinant KO FV3 strains. However, no other significant
differences in gene expression response of immune or TLR
genes were detected among the groups.

Collagen: Fibronectin Interaction Inhibitor Regulates An-
giogenesis

Author: Elizabeth Rath '21, Biomedical Engineering

Mentor: Angela Glading, Pharmacology & Physiology

Angiogenesis, the formation of new blood vessels, is a crucial
part of development and wound healing. Abnormal angio-
genesis is present in various diseases, and is accompanied by
an increase in the levels of the cellular fibronectin, an extra-
cellular matrix protein. The overexpression of cellular fi-
bronectin results in the up-regulation of collagen I deposi-
tion allowing for disease progression, a process that requires
binding of fibronectin and collagen. Angiogenesis is also
required for tumor growth, and the increase in collagen de-
position due to overexpression of fibronectin can promote

the growth of tumor cells. We hypothesized that the interac-
tion between fibronectin and collagen could regulate angio-
genesis. We therefore tested the ability of R1R2, a peptide
inhibitor of the collagen:fibronectin interaction for its ability
to block angiogenesis in vitro and in vivo, as well as explored
its effect on pro-angiogenic signaling in endothelial cells.

Dead and Unburied: Human Remains in Museums

Author: Julia Granato '22, Ecology and Evolutionary Biology &
Archaeology, Technology, and Historical Structures

Mentor: Elizabeth Colantoni, Religion and Classics

Human bodies, usually no longer living, have been the sub-
ject of spectacle and intrigue for centuries. Before modern
museums, early collections of curiosities, called “Wun-
derkammer” or “wonder rooms,” housed human remains
alongside magical stones, paintings, sculptures, and taxi-
dermy animals. In the 15th and 16th centuries, anatomical
collections with vast human osteological specimens were as-
sembled, studied, and put on display to be viewed by anthro-
pologists, physicians, anatomists, phrenologists, other stu-
dents of science, and even the general public. Today, both
antique and fresh corpses can be found in nearly every mu-
seum and in countless exhibits across the United States and
all over the world. Despite the popularity of such attractions,
there is still discourse surrounding the display of human re-
mains. This research project explores the archaeological and
philosophical perspectives of the treatment of human re-
mains in museums today, particularly those who do not fall
under NAGPRA’s jurisdiction. After establishing a broad
historical backdrop of the collecting and display of human
remains in the Western world, this project investigates a sin-
gle case study: the Hyrtl crania at the Mütter Museum in
Philadelphia, PA. Using this case study, the topics of dark
tourism, structural violence, and the implications of such
dealings with the dead are examined. Additionally, the com-
plex and meaningful relationship between society and their
dead is illuminated.

Grand Challenge-Engineer the tools of scientific discovery-
Robotics and discovery

Author:Madhavan Murali '21, Mechanical Engineering

Mentor: Emma Derisi, CCAS Hajim Advisor

When the National Academy of Engineers decided upon the
Grand Challenge of "engineering the tools of scientific dis-
covery", for many people, space jumped into their minds. But
the act of discovery encompasses a wide variety of fields,
from oceanography to geography and, perhaps most impor-
tantly, robotics. For my presentation, I hope to show the
growing influence of robotics and mechanical design in sci-
entific experimentation and exploration, including robotics
applications for clearing space debris for future space mis-
sions and analyzing samples for deep-sea expeditions.
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A Photonic Electro-Optic Modulator for On-Chip Quan-
tum Frequency Processing

Author: Benjamin Nussbaum '21, Optics

Mentor: Joe Lukens, Oak Ridge National Lab; Nick Vami-
vakas, Optics

Quantum logic gate operations are central to quantum com-
puting and quantum information processing. Whereas a
fiber-based system covers optical table space on the scale of
square meters, an integrated photonic counterpart takes up
only a few square millimeters at most. In addition, since the
field of integrated photonics builds on the established tech-
nology of integrated electronics, photonic devices have the
potential to be more cost-effective than bulky fiber-based
systems. Further, with proper tuning, photonic integrated
circuits offer lower internal optical losses compared to fiber-
based optical systems. This benefit makes integrated photon-
ics all the more important to the growth of quantum infor-
mation science—where every photon counts. This project
will explore the use of a frequency mode space for quantum
information processing in the mature platform of silicon
photonics, focusing on the fundamental operation of a Hada-
mard transformation.

All About the Green: Supporting Green Energy and Green
Grant Projects For Taproot Collective

Author: Christina Krewson '21, Public Health and Environ-
mental Studies

Mentor: Lauren Caruso, Center for Community Engagement

Taproot Collective is a nonprofit organization committed to
urban agriculture and neighborhood development in the city
of Rochester. While Taproot Collective writes grants and
seeks properties for future programming, they also evolve
their original garden space. This capstone project consists of
two stages, one tied to future expansion of the organization
(research), and the other tied to developing the present farm
infrastructure (green energy). In the research stage, I com-
piled data about neighborhoods surrounding potential farm
sites that Taproot can use for grant-writing and stakeholder
investment. In the green energy stage, I helped manage and
document communications with Engineers without Borders
about a solar energy project to ventilate the greenhouse.

ROS Generation and Antioxidant Defense in Bowhead
Whale

Author: Ena Haseljic '22, Molecular Genetics

Mentors: Denis Firsanov, Vera Gorbunova, & Andrei Selu-
anov, Biology

Few model organisms with exceptional longevity have been
used to understand molecular mechanisms responsible for
long lifespan and resistance to cancer. One of the model or-

ganisms is bowhead whale (Balaena mysticetus), the longest-
lived mammal on Earth with maximum lifespan 211 years.
Although there is a big progress with some model organisms,
such as naked mole rats, molecular mechanisms leading to
longer lifespan in bowhead whale is still a mystery. Few fac-
tors believed to be essential for aging are effective DNA re-
pair, lower level of oxidative stress and more efficient mito-
chondria. Data from our lab showed several unique features
of whale fibroblasts in comparison to human cells: resistance
to oxidative stress, lower total level of reactive oxygen/nitro-
gen species (ROS/RNS) but higher level of superoxide. In
attempt to address molecular mechanisms responsible for
these phenotypes, we measured total mitochondria mass in
bowhead whale cells and checked functional activity of mito-
chondria. We showed that bowhead whale has much less mi-
tochondria per cell comparing to human, but cellular respi-
ration parameters were comparable to human cells, poten-
tially indicating more active mitochondria in the bowhead
whale. We also measured the activities of superoxide dismu-
tase (SOD) and glutathione peroxidase (GPx) in cellular ex-
tracts of both species. We observed lower activity of both
SOD and GPx in whale cells. Lower SOD activity together
with more active mitochondria in whale cells could explain
the previously observed phenotype of an increased level of
superoxide. But lower GPx activity cannot explain the lower
total ROS level in bowhead whale cells as well as their resis-
tance to oxidative stress. Therefore, additional assays like
measurements of catalase and peroxiredoxins activities are
required to get a better picture of ROS/antioxidants and their
role in bowhead whale longevity.

The Interaction between Dlg and GPSM2/Pins: an evolu-
tionary perspective

Author: Emily Schiller '21, Cell and Developmental Biology

Mentor:Dan Bergstralh, Biology

The spindle orientation complex is a conserved set of pro-
teins that orient metaphase spindles. This complex is impor-
tant in animal development as the orientation of cell division
contributes to tissue shape and determines cell fate. In Bilate-
rian animals, the complex component GPSM2 (G-protein
signaling modulator) is thought to interact directly with Dlg
(Discs large) in a manner dependent on GPSM2 phosphory-
lation at the linker region. The functional consequence of this
interaction is unclear. I am using an evolutionary approach
to address this problem. Using next generation bioinformatic
techniques, I have identified the amino acid sequences of
GPSM2 and Dlg in Cnidarians, Placozoans, and Porifera,
basal animals outside the Bilaterian clade. I show that a func-
tional GPSM2 linker arose in cnidarians demonstrating that
the interaction between GPSM2 and Dlg appeared in this
phylum. Interestingly, neurons also originated in Cnidaria
and spindle orientation is necessary for proper developmen-
tal of neural, but not all epithelial, tissue. Additionally, I show
that Dlg diverged in organisms with unique requirements for

spindle orientation including C. elegans and the syncytial
sponge O. minuta. This work is revealing the evolutionary
history of the GPSM2/Dlg interaction and suggesting new
possibilities for its importance in spindle orientation during
epithelial and neural tissue development.

Shadows and Delusions: The "Indian Burial Ground" Su-
perstition

Author: Eddie Hock '21, History & Archaeology, Technology,
and Historical Structures

Mentor: Brianna Theobald, History

A hallmark of horror cinema, campfire ghost stories, and bad
omens in general, the “Indian burial ground” superstition
emerged in something resembling its modern form during
the early 1970s and has been a staple of American suburban
folklore ever since. The central idea of the myth is malleable
but distinctive: the presence of an “Indian burial ground”
beneath white-picket-fence America holds the power to
bring bad luck, produce supernatural phenomena, and/or
cause unsuspecting non-Native people to become violent or
murderous toward one another. The superstition is funda-
mentally married to the world of seventies and eighties hor-
ror, but it has proven resilient in the decades since, and it
engages with powerful questions about place, indigeneity,
colonialism, and violence that have been present in the
American zeitgeist for centuries. My history honors thesis,
Shadows and Delusions: The “Indian Burial Ground” Super-
stition, evaluates portrayals of indigenous grave sites in fic-
tion, academic literature, and especially film throughout
American history to understand the contemporary burial
ground superstition, the issues it raises, and what it is to live
on stolen land.

Investigating the Role of the Tight Junction Protein,
Claudin-1, in Differentiation and Viral Infection of Human
Epidermal Cells

Author:Huishan Shi '22, Microbiology

Mentor: Lisa Beck, Dermatology

Atopic dermatitis (AD) is an itchy, inflammatory skin condi-
tion that is the most prevalent skin disease in the world,
affecting 20% of children and 9% of adults in the US alone.
Studies have shown that AD patients are more susceptible to
skin infections from multiple virus families including
Poxviridae, Herpesviridae, and Picornaviridae. One of the
most severe viral complications AD patients suffer from is
called eczema vaccinatum, which is caused by vaccinia virus
(VV). Our lab has previously shown reduced levels of the
tight junction (TJ) proteins claudin-1 (CLDN1), -4 and -23
as well as occludin in AD patient’s skin. We hypothesize that
barrier disruption in AD epidermis, specifically impaired TJ
function, promotes susceptibility to cutaneous viral infec-
tions. To address this hypothesis, we knocked down (KD)
CLDN1 in an immortalized primary human foreskin ker-

atinocyte (KC) cell line called N/TERT2G using CRISPR/
Cas9 technology to determine whether reduction in CLDN1
alters TJ barrier function and/or susceptibility to viral infec-
tion. Western blot analysis demonstrated a loss of CLDN1
expression in the KD cells compared to control cells and
transepithelial electrical resistance (a method to measure
barrier) indicated a substantial reduction in barrier function,
suggesting that CLDN1 KD disrupts TJ barrier formation
and function. Inference of CRISPR editing (ICE) analysis is a
web-based tool that determines CRISPR/Cas9 gene editing
efficiency. This analysis indicated ~50% editing efficiency in
our CLDN1 KD cells suggesting at least partial KD of
CLDN1 in all cells. Using qPCR, we analyzed whether loss of
CLDN1 alters KC differentiation or TJ protein expression.
Results from our qPCR studies show that CLDN1 KD cells
do not have altered gene expression of early differentiation
markers or TJ proteins. Furthermore, we used KD cells to
examine whether stage(s) of VV infection are altered by
CLDN1 KD . Genome replication and the amount of virions
produced from infected cells were unchanged in CLDN1 KD
cells. Understanding the function of TJ proteins in epidermal
barrier function and the connection between TJ proteins and
viral infection is key in identifying the role that TJ play in the
pathogenesis of AD. Importantly, these results can be rele-
vant for other cutaneous viral infections such as warts (hu-
man papillomavirus), Molluscum (molluscum contagiosum)
and cold sores (herpes simplex virus 1 and 2).

Mẹ ơi!: A collection of transgenerational narratives from
Vietnamese American mothers and daughters in Little
Saigon in Garden Grove, California

Author: Anh-Thơ Antoinette Thị Nguyễn '21, Anthropology
& English Literature

Mentor: Kristin Doughty, Anthropology

This research project is an ethnographic study of Vietnamese
women living in Little Saigon in Garden Grove, California. It
begins as a collection of transgenerational life-histories of
Vietnamese women who are grandmothers, mothers, and/or
daughters and transitions into an analysis of how these kin
relations work in a contemporary American context in light
of the Vietnam War and subsequent diaspora. My major re-
search question is as follows: what are the sociocultural and
geopolitical histories and climates that shape the lives of
Vietnamese refugees in America and how do they influence
how Việt kiều women mother their children? My analysis
encompasses the construction of motherhood, of identity, of
community for Vietnamese women living in a microcosm of
their home country of Vietnam – a Little Saigon. Using the
anthropological frameworks of refugee, rescue, and immi-
grant and diasporic kinship studies, I attempt to reconcile
notions of American and Vietnamese kinship, and how those
harboring novel hyphenated identities (Vietnamese-Ameri-
can) must adapt. I use life-histories – intimate personal nar-
ratives – to understand what it means to be a mother, to make
kin, to find belonging as a Vietnamese woman in America.
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Creation of a Novel, Noninvasive Diagnostic for En-
dometriosis using Menstrual Effluent

Authors: Emily Laskey ’21, Biochemistry & Psychology, Emily
Schiller ’21, Cell and Developmental Biology, Hanwen Gu ’21,
Biomedical Engineering, Isabel Lopez-Molini ’22, Biochem-
istry, Meghan Martin ’22, Biochemistry & American Sign Lan-
guage, Zivile Vebraite ’21, Cell and Developmental Biology,
Ethan Chen ’21, Biomedical Engineering, Gabriel Isaacson ’21,
Microbiology, Helen Shammas ’22, Biomedical Engineering,
Huishan Shi ’22, Microbiology, Jinghong Tang ’21, Cell and
Developmental Biology & Economics, Linh Hoang ’22, Biomed-
ical Engineering

Mentor: Anne Meyer, Biology

The 2020 University of Rochester international Genetically
Engineered Machines (iGEM) Team, Team UteRus, sought
to create a novel, non-invasive diagnostic for endometriosis
using menstrual effluent. Endometriosis is a chronic disease
that causes abnormal endometrial-like tissue growth outside
of the uterine cavity. It affects more than 200 million women
worldwide and can lead to severe symptoms impacting re-
productive health. No diagnostics are currently available ex-
cept for exploratory surgery. A test panel that detects all
known endometriosis biomarkers would be expensive, in-
convenient, and time-consuming to develop and perform.
Therefore, we used combined log odds ratios analysis to find
the best combination of biomarkers that contribute the most
to the diagnostic accuracy of our test panel. We identified
three biomarkers with the highest correlation to endometrio-
sis to include in our test panel which includes IGFBP-1 (in-
sulin growth factor binding protein-1), CA125 (cancer anti-
gen 125), and IL-6 (interleukin). We also included TNF-�
(tumor necrosis factor), IL-1β, and IL-8 as these biomarkers
have great therapeutic potential for the treatment of inflam-
matory symptoms.We created lateral flow immunoassays
that can both qualitatively and quantitatively measure the
presence of these biomarkers in menstrual effluent. By creat-
ing Plug and Play antibody plasmid constructs, our team de-
signed expression plasmids for low-cost antibody production
in SHuffle strain Escherichia coli and therefore reduce the
cost of our diagnostic by 60%. This work was supported by a
lateral flow assay model to computationally optimize our as-
say design, including test line position and reagent concen-
trations, reducing the time and efforts spent on wet-lab ex-
ploration. Additionally, we created a menstrual cup best
suited for the collection of menstrual effluent and the com-
fort of endometriosis patients as well as inexpensive labora-
tory equipment for clinics without easy laboratory access,
reducing the total cost of diagnosing endometriosis by 96%.
Our team also created a machine-learning-based predictive
model as an endometriosis diagnostic based solely on clinical
and demographic variables with 85.02% accuracy, 84.21%
sensitivity, and 85.84% specificity. Throughout our project,
our team worked with endometriosis advocates, physicians,
researchers, and patients to ensure that our designs were in-
formed by the people it directly impacts. Overall, we were

able to create simple diagnostic tools for endometriosis that
can be employed in a variety of clinical settings, resolving the
gap of knowledge and funding for female reproductive
healthcare.

Technology for Enabling Haptic Interaction with Panel Dis-
plays

Author: Charles Fleischmann '23, Mechanical Engineering

Mentors: Mark Bocko & Tre DiPassio, Electrical and Com-
puter Engineering

Smart interactive surfaces that display images and video, ra-
diate and receive sound, and respond to user touch are an
emerging trend in human-computer interfaces. However,
employing large flat panel displays with touch interfaces re-
mains a challenge, as capacitive touch screens are impractical
and prohibitively expensive for displays larger than a tablet
or laptop computer. We have demonstrated that by affixing a
small array (3-5 sensors) of inexpensive accelerometers to a
panel one can infer the user touch location employing sensor
array processing and machine learning algorithms. The col-
lection of a large volume of training data is necessary to im-
prove the accuracy of the predicted touch location. This
project focused specifically on the development of a com-
puter-controlled “robot” that can repetitively and control-
lably touch a panel at any point on its surface. A linear actu-
ator affixed to the robot arm can touch or tap the panel with
varying levels of force, while the acoustic response of the
panel can be measured by the sensor array. Employing large
amounts of consistent training data obtainable from this de-
vice is proving to be a critical step in the development of a
low-cost panel touch-sensing system.

The role of Staphylococcus aureus nitric oxide reductase
(Nor) on biofilm formation

Author: Peri Goldberg '22, Biology

Mentor:Dr. Steve Gill, Microbiology and Immunology

Staphylococcus aureus is an opportunistic pathogen that is
responsible for a variety of infections in both healthcare and
community settings. Clonal complex 30 (CC30), a particular
lineage of S. aureus grouped based on genetic similarities, is
known to be especially virulent and encodes a nitric oxide
reductase (Nor). Located upstream of nor in the S. aureus
genome lies lrgA, a gene which acts similar to an antiholin in
order to regulate cell lysis and biofilm formation. Previous
studies have investigated the effect of lrgA on biofilm adher-
ence and structure, but the effect of nor has yet to be clearly
defined. This study will determine the role of lrgA and nor on
biofilm formation in aerobic and anaerobic conditions. To
examine the dependence of S. aureus on nor for biofilm for-
mation and the potential interactions between lrgA and nor,
∆lrgA and ∆lrgA/∆nor mutants were constructed by allelic
deletion. A static biofilm assay was performed to determine

the ability of ∆lrgA, ∆nor, and ∆lrgA/∆nor mutant strains to
form biofilms. Lastly, RNA isolation and RT-qPCR were con-
ducted to evaluate the expression of nor and lrgA as a func-
tion of biofilm growth and time.

Computational Model for Epithelial Cell Reintegration

Author:Mimi Jung '22, Biomedical Engineering; Christian M.
Cammarota, PhD Student, Physics & Astronomy

Mentor:Dan Bergstralh, Biology

The tightly-packed organization of component cells is critical
to the function of epithelial tissues. As these tissues develop
and densify, the addition of new cells can present a challenge
to tissue organization; mitotic cells typically change shape
and increase in size before dividing, causing them to crowd
and potentially displace their neighbors. One way for a cell to
alleviate crowding is to move apically to divide. After pro-
truding from the layer and dividing, the daughter cells can
reincorporate basally into the parental layer through an ad-
hesion-based process called reintegration. In the Drosophila
follicular epithelium, reintegration failure causes tissue dis-
ruption. I hypothesize that reintegration is a passive process
that emerges from the physical properties of cells. An alter-
native possibility is that cells play an active role in reintegra-
tion, potentially through migratory or contractile behavior.
We are developing a computational model, composed of
polygonal cells in the XZ plane which simulate passive cell-
cell and cell-substrate interactions, to distinguish between
these hypotheses.

Observational Study of the Vaping Cessation Resources on
North American Quitline ConsortiumWebsites During the
Covid-19 Pandemic

Authors: Astghik Baghinyan ‘22, Public Health: Health, Be-
havior, and Society, Derek Guo ‘22, Epidemiology, Dianna Ca-
cace ‘22, Bioethics, Mufida Asmar ‘22, Biology, Hong-Lun
Tiunn (graduate student); Alumni and faculty involved in
this research at the Department of Public Health Sciences at
the URMC: Manpreet Kaur, Krystalyn Bates, Jacqueline At-
tia, Philip M Vaughan, Holly Widanka, Deborah J. Ossip

Mentor: Scott McIntosh, Public Health Sciences

Vaping (e-cigarette use) among youth has reached epidemic
proportions despite steady declines in traditional smoking.
Research increasingly indicates that many of the appealing
vaping product flavorings are toxic, but dissemination of
these harms remains limited. In the United States vaping has
recently turned deadly with thousands of cases of e-cigarette
or vaping associated illness (EVALI) and death. More re-
sources for vaping cessation are needed to combat this newer
epidemic of nicotine addiction among youth. In a previous
study (September, 2020), the authors examined all NAQC
(North American Quitline Consortium) member “quitsites”
to identify and characterize information pertaining to vaping

cessation across all 50 U.S. states, all 13 Canadian provinces,
3 U.S. territories and Washington D.C. Currently, there are
additional concerns that e-cigarette users may be at greater
risk for succumbing to Covid-19, which is an acute respira-
tory disease that attacks the lungs. The present study further
analyzed the NACQ quitsites 1) to identify updates to infor-
mation and resource related to vaping cessation, and 2) to
determine whether or not quitsites provide information
about COVID-19 concerns in relation to vaping. Although
42 of 66 quitsites (63.7%) presented information on the
harms of vaping, only 26 (47.3%) had messaging to indicate
that flavors are harmful, and 43 provided information related
to COVID-19 and vaping. Of the 66 sites, 22 (33.3%) recom-
mended speaking to a health care provider, although some
websites included information and resources targeting
healthcare providers and patient referral. Although ongoing
research is needed to track this trend, an increase in the
number of quitsites that include information on the harms of
vaping (and specifically vaping flavors) and resources for
vaping cessation was observed. The inclusion of information
about the association between vaping and COVID-19 may
also continue to increase as new research comes to light.

Thematic Analysis of Facebook Advertising Messages for
Tobacco Products Before and After a Statewide Ban of Fla-
vored Tobacco

Authors: Astghik Baghinyan ‘22, Public Health: Health, Be-
havior, and Society, Matthew Quick ‘21, Political Science,
Ahona Shirin ‘22, Public Health: Health, Behavior, and Society;
Alumni and faculty involved in this research at the Depart-
ment of Public Health Sciences at the URMC: Manpreet
Kaur, Liane Schneller, Krystalyn Bates, Jacqueline Attia, Zid-
ian Xie, Dongmei Li, Philip M Vaughan, Holly Widanka,
Deborah J. Ossip

Mentor: Scott McIntosh, Public Health Sciences

Over the past few years vaping prevalence has increased in
the U.S. as people either switch to electronic cigarettes from
traditional cigarettes thinking they are safer or due to influ-
ence by tobacco companies’ strategic marketing efforts. In
addition to an increase of electronic nicotine delivery sys-
tems (ENDS) the nicotine vapor industry itself has boomed
with thousands of new “vape shops”. The majority of con-
sumers who use ENDS also use social media networks and
follow ENDS brands. With the rise of vape shops and suc-
cessful marketing strategies to create a trusted community of
vapers, it is important to study observable social media
strategies to better understand their impact on consumer be-
havior and addiction. The present study explored vape shops’
Facebook marketing strategies in the Rochester, New York
Metropolitan area before and after a state wide flavor ban
that went into effect May 2020. Another key secular trend
greatly impacting marketing strategies and success is the
COVID-19 pandemic. In the preliminary study, we exam-
ined 15 vape shops’ Facebook pages in or around Rochester
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from January 31, 2020 to July 1, 2020. Using open coding the-
matic analysis, Facebook posts were theme coded into eight
major themes with subthemes and categorized into two time
frames - before and after the May 2020 flavor ban. Identified
Facebook theme categories were “Promotion”, “Flavor”,
“Community”, and “Regulations”. After the flavor ban, vape
shops promoted, via "Promotion" posts on Facebook, their
products 21.39% more than prior to the flavor ban (84.36%
vs. 105.75%). Most of this increase is observed due to the
increase in all sub-themes of "Promotion": “Accessories”,
"Brands" and "Drugs" which increased by 13.12%, 4.77%,
3.91% respectively. There was also a substantial decrease in
posts about vaping "Flavors": from 17.70% to 12.64%. This is
likely due to their inability to legally sell flavored nicotine
products. Substantially fewer posts, post-ban, were observed
in theme categories “Community” (decrease by 7.39%) and
“Regulations” (decrease by 7.01%), which likely reflects a
decreased need to challenge flavor regulations and a de-
creased need to ask their customer communities for support
for such challenges. Interestingly, a decrease in the preva-
lence of COVID-19 related posts (22.22% vs. 9.77%) was ob-
served over time, likely reflecting the various retail re-open-
ing phases in New York State. Future studies will further ex-
amine misleading posts that target youth and/or promote
vape products via false health claims.

TheMediterranean Diet on Cancer-related Fatigue

Author: Lisadine Cherubin '23, Public Health

Mentor: Amber Kleckner, Department of Surgery & Division
of Supportive Care in Cancer

The purpose of this study is to assess the effects of the
Mediterranean Diet as it relates to cancer-related fatigue. The
hypothesis proposed is that due to the liberalized format of
the Mediterranean Diet given to the intervention group, the
participants would experience a change in their cancer-re-
lated fatigue at a higher rate than those in the control group.
This study is a randomized control trial, where participants
complete a baseline assessment before being randomized.
Those in the intervention group are provided with meals for
4 weeks based on the Mediterranean diet and encouraged to
supplement those diets according to their needs. The control
group continues to receive usual care and both are re-
assessed at 4 weeks, after which the intervention group pro-
vides food on their own using a Mediterranean cookbook.
They are educated on how to properly implement a Mediter-
ranean Diet into their homes and lifestyles and are encour-
aged not to stress about wanting to eat something that’s not a
part of their diet. All participants undergo an exit interview
to assess their experience and as the Research Assistant, I
transcribe these interviews and identify patterns within the
control and intervention groups. We transcribed a total of 7
interviews: all being female breast cancer patients ranging
from 41-74 years old. Two were in the control group and five
were in the Mediterranean intervention group. The purpose

of this analysis was to qualitatively assess participants’ expe-
rience. Based on our results we found that participants en-
joyed the major components of the intervention like nutri-
tional education they received. Based on their feedback, the
intervention will be refined and adapted for further use of
understanding cancer related fatigue.

Quantifying Rehabilitation: A Video Survey of Occupa-
tional Therapy Exercise Sessions During Acute Rehabilita-
tion for Stroke

Author:Madeline White '22, Neuroscience

Mentor: Ania Busza, Neurology
Objective: To perform a survey of upper extremity (UE) exer-
cises performed by patients with recent stroke in our inpa-
tient rehabilitation gym in order to count number of exercise
repetitions, identify active and inactive time, categorize exer-
cise type, and assess the relative use of the affected and un-
affected limbs during therapy sessions.
Background: Both animal and human studies suggest that
repetitive exercises improve motor outcomes after stroke,
however which features of an exercise regimen are critical for
optimizing recovery remain to be determined. Our lab is
using wearable sensors and machine learning to develop a
system to classify and quantify therapy exercise repetitions
performed during the inpatient rehabilitation period as a
step towards our greater goal of understanding stroke reha-
bilitation. As part of this study, we are performing a video
survey of occupational therapy sessions occurring in our in-
patient rehabilitation gym.
Design: Individuals with UE weakness due to recent (<4
weeks) unilateral stroke admitted to our inpatient rehabilita-
tion unit gave permission to have their routine clinical occu-
pational therapy sessions video recorded. The video data set
was reviewed by 2 independent study investigators and the
activity for each frame was labeled to identify the exercise/
activity being performed, role of the affected arm, level of
difficulty for the patient, type of exercise (active, passive,
functional-salient, and functional-exercise), and number of
repetitions. The total duration of each exercise was calculated
as well as the amount of inactive time spent not performing
any exercise.
Results: The mean percent active time over total time in ther-
apy was normally distributed around a mean of 57%, while
mean percent of active time spent performing challenging
exercises was highly skewed to the right with a mean of 69%
and median 74%, and the total number of repetitions was
highly skewed to the left with a mean of 203 and median of
139. The total session time was normally distributed with a
mean of 30 minutes and the total active time was also nor-
mally distributed with a mean of 17 minutes. Repetitions/30
minutes was calculated using the total number of repetitions
divided by the number of minutes and standardized to a 30-
minute session, the mean session time.
Conclusions/Future Direction: Similar to prior studies, we see
a wide range of number of repetitions performed during a

standard rehabilitation session, indicating that time spent in
therapy is a poor indicator of rehabilitation dose. There was
also a wide range of time spent in therapy: mean session
length was 30 minutes (IQR 22-40) and mean 50% active
time compounds this range. In addition, we found that there
was minimal adaptive therapy occurring; the mean percent
of exercises performed with the affected arm in the primary
role was 74%, with the healthy arm in the primary role only
7%. Investigators concluded there was an emphasis on func-
tional exercises over ROM (Range of Motion) exercises. The
mean percent of functional activities was 66%, the mean
percent of range of motion activities was 34%. Future studies
will continue to investigate the role the affected arm and
attempt to classify all exercises into 10 broad categories.

Metabolomics Studies Reveal Altered Gut Metabolites in
Metabolic SyndromeMice that Disrupt Pparg Gene Expres-
sion

Author: Eduardo Peralta-Herrera '23, Molecular Genetics

Mentor: Eliseo F. Castillo, Department of Internal Medicine,
University of New Mexico School of Medicine

Metabolic syndrome (MetS) is a cluster of conditions includ-
ing high blood pressure, high blood sugar, abdominal obe-
sity, and abnormal cholesterol levels that increases an indi-
vidual’s risk to heart disease, stroke, diabetes, and non-alco-
holic fatty liver disease. MetS affects about one-third of the
US population and one-fourth of the world population. Cur-
rently, there are no medications to treat MetS, so identifying
contributing etiological factors for future therapeutic targets
is critical. The goal of this study was to determine the func-
tional role of the gastrointestinal (GI) tract in MetS. There-
fore, we examined the GI tract of healthy controls
(C57BL/6J) to mice with MetS (MS Nash). MS Nash mice
were obese, had more peritoneal fat, fatty livers, and longer
colons. Further examination of the MS Nash colon revealed
decreased Peroxisome proliferator-activated receptor gamma
(Pparg) gene expression, a major gene that maintains intesti-
nal homeostasis through fatty acid oxidation (FAO), mainte-
nance of the microbiota and dampening of inflammatory
pathways. Metabolomic analysis of colonic samples revealed
significant differences in concentrations of metabolites allan-
toin and phosphorylcholine, which can be produced by bac-
terial species in the phylum Firmicutes and are upstream of
PPARγ, to be decreased in MS Nash mice. Additionally, we
found propionic acid, a short chain fatty acid and its precur-
sor threonine, that are involved FAO also decreased in MS
Nash mice. Overall, our results show factors (e.g. PPARγ,
FAO metabolites) that are crucial for intestinal homeostasis
are dysregulated in MetS mice suggesting a dysfunctional GI
tract may be a contributing etiological factor in MetS.

Characterizing efferocytosis in multipotent stromal cells
(MSCs) using confocal time-lapse imaging

Author: Ivana Pacar '22, Biomedical Engineering

Mentor: Laura M. Calvi, Department of Medicine

Housed within the bone marrow microenvironment, multi-
potent stromal cells (MSCs) are known for their tri-lineage
differentiation into chondrocytes, osteoblasts, or adipocytes
and their ability to support hematopoiesis. While
macrophages serve as the primary agents of efferocytosis, a
specialized form of phagocytosis in which apoptotic cells are
cleared, recent discoveries in our lab have demonstrated that
MSCs can also participate in facultative efferocytosis. Pre-
liminary data in our lab suggests that there are time-depen-
dent differences in levels of efferocytosis, from as early as 3
hours. Flow cytometry and confocal imaging show that loss
of the efferocytic receptor Axl results in a decreased level of
efferocytosis in bone marrow MSCs but not macrophages.
Using confocal time-lapse imaging we aim to better charac-
terize the dynamics of phagocytes within the bone marrow
microenvironment during the loss of Axl. Using WT and Axl
-/- mice, we created two in vitro culture systems; one in
which primary MSCs and macrophages were co-cultured
and the second in which MSCs were isolated using tri-
marker magnetic depletion (CD45+/F480+/Ly6C+). The
confocal time-lapse imaging procedure is currently being
optimized to confirm previously obtained results in primary
murine (mMSCs) and to further characterize the dynamics
of efferocytosis in MSCs. Thus far, both the dye type and
concentration have been selected through a series of dose-
response trials to minimize cell death while simultaneously
optimizing the optical parameters to maximize image qual-
ity. Following the 24hr time-lapse using the optimized cellu-
lar and optical parameters, we plan to use imaging analysis to
quantify the number, type, speed, and duration of interac-
tions between MSCs and apoptotic targets.

The Aum Affair: Censorship, Scholarship, and the Mass
Media in Japanese Reactions to Terrorism

Author: Eleanor Lenoe '21, History & Japanese

Mentor: Laura Smoller, History

Despite the fact that Aum Shinrikyo’s 1995 sarin gas attack
occurred in Tokyo, Japan, there are significantly fewer publi-
cations on the incident in Japanese than in English. Further,
Japanese scholars and mass media treat the Aum Affair much
differently than do thir English-language counterparts: in-
stead of investigating cultural or societal factors that caused
Aum Shinrikyo’s rise and turn to violence, Japanese authors
tend to focus on internal explanations, such as Aum’s use of
brainwashing techniques, leaving any criticism of the Japa-
nese government’s slow response to Aum out. Japanese schol-
ars’ and journalists’ relative silence regarding the root causes
of the Aum Affair points to a greater issue. Through an in-
depth analysis of developments in Japanese scholarship and
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mass media reactions to Aum Shinrikyo, I suggest that the
government’s relationship with the Japanese press resulted in
news coverage that favorably portrayed the government’s
response to the affair while condemning religious studies
scholars for failing to warn the public about Aum’s dangers.
This resulted in widespread self-censorship within the study
of religion and a climate where both mainstream reporters
and scholars shied away from deeper discussions about the
societal problems that resulted in Aum Shinrikyo’s rise in the
first place. These issues include a widespread mental health
crisis, the sensationalism of news, and a culture of overwork.
The lack of discussion on these issues also meant that jour-
nalists and scholars overlookeed the omnious signs that trou-
ble may be ahead, including teenage fangirls of Aum Shin-
rikyo and the rise of Aum’s splinter groups.

About the Expo
The Undergraduate Research Exposition is a College-wide
event in which University of Rochester students at all levels
and in all areas of study are invited to present their investiga-
tive and creative work. The Expo reflects the passion for re-
search that represents a significant part of the University of
Rochester campus, in both professors and students alike. As
shown by the work displayed here, which only represents a
portion of all the work presented at the Expo, research comes
in varied forms, in every area of study. Due to the COVID-19
pandemic, the Expo was held virtually this year. All of the
work presented at the Expo can be found at the link below.
With JUR’s commitment to serving as a platform for the
amazing research done by undergraduate students at the
University, we are pleased to display the abstracts from au-
thors who chose to publish their work with us. As always, we
hope that these works may inspire our readers on their paths
of learning and discovery.

https://app.virtualpostersession.org/e/592d12f7d6d1206e94e7d
4453d029338

Introduction
Alzheimer’s disease (AD), a debilitating neurodegenerative
disease affecting 50 million people worldwide, is the 6th
leading cause of death in the United States.1,2 AD is also the
most common form of dementia and its major risk factor is
aging, placing geriatric populations at higher risk of devel-
oping the disease. There are two major types of AD: sporadic
AD (SAD) and familial AD (FAD).3 SAD is the predominant
form of AD and is mainly identified in the elderly popula-
tion, whereas FAD can be genetically inherited and appears
earlier in life.4,3 Early-onset AD can manifest itself due to var-
ious genetic mutations in the genes encoding the proteolytic
enzymes that process the amyloid precursor protein (APP)
or mutations in the substrate itself.3 The enzymes involved in
the amyloidogenic pathway include β-secretase, also known
as β-site APP cleaving enzyme 1 (BACE1), and γ-secretase.3
Mutations in these enzymes can cause them to cleave APP
erroneously, thus enhancing the emergence of amyloid-beta
(Aβ) peptides which are known to have serious conse-
quences.3

AD is characterized by a significant loss of CA1 hippocampal
neurons.5 Although this loss eventually propagates across
brain regions causing symptoms such as cognitive decline as
well as various functional, physiological, and behavioral
changes, the most prominent symptom is memory loss.6,7 Re-
searchers are attempting to understand the pathways leading
to neuronal loss in order to find methods of therapeutic in-
tervention with the goal of preventing memory loss and
other cognitive impairments characteristic of AD. For this
reason, it is crucial to understand the etiology of AD, includ-
ing the propagating factors that lead to neurodegeneration.
For instance, calcium (Ca2+) has been implicated in the etiol-
ogy of AD due to its many roles in neuronal function .8 Dys-
regulation of Ca2+ homeostasis has been shown to lead to ex-
citotoxicity, which can ultimately be lethal to the cell.9 In con-
junction with excitotoxicity, Ca2+ has been implicated to
cause cellular stress in affected neurons 4,10 Endoplasmic
reticulum (ER) stress, for instance, can be caused by elevated
levels of Ca2+.11 Elevated Ca2+ further activates pathways that
can be amyloidogenic and, ultimately, apoptotic.10 Further-
more, Ca2+ has been shown to directly interact with the pro-
teolytic enzyme (β-secretase) and enhance amyloidogene-
sis.12

The erroneous processing of APP can result in the oligomer-
ization and further aggregation of Aβ peptides to form
plaques that hinder proper neuronal transmission and func-

tion.3 As a consequence, toxic Aβ peptides can ultimately
lead the cell to undergo apoptosis.10 In addition, hyperphos-
phorylated tau proteins also contribute to AD pathogenesis.
These tau proteins can aggregate and form neurofibrillary
tangles (NFTs) that hinder proper neuronal functioning.10
However, this review will focus on the direct and indirect
mechanisms by which calcium regulates the amyloidogenic
pathway through the enzyme responsible for the rate-limit-
ing step of this reaction: BACE1.

Translational Regulation of BACE1 in
Response to Endoplasmic Reticulum Stress
The ER is responsible for the proper synthesis and folding of
proteins in the cell.10 In an AD-affected brain unfolded pro-
teins, including Aβ and NFTs, trigger the ER stress re-
sponse.10 ER stress can be induced by many other stressors
such as reactive oxygen species (ROS) and energy depriva-
tion. In addition, the dysregulation of Ca2+,,which is an im-
portant secondary messenger that is tightly regulated by or-
ganisms, has been implicated in the activation of the ER
stress response.11

The stress response entails the activation of the unfolded
protein response (UPR) which has three main pathways:
IRE1, ATF6, and PERK.10, 11,20 The activation of such path-
ways is an adaptive response that the cell utilizes as a way to
recover from this stress. Specifically, the protein kinase RNA-
like endoplasmic reticulum kinase (PERK) pathway is re-
sponsible for decreasing global protein synthesis and in-
creasing translation of primary transcripts involved in stress
response. While, these pathways have slightly different func-
tions, when active for a prolonged period of time, they con-
verge to activate the apoptotic pathway, constituting a mal-
adaptive response.10

BACE1 is the proteolytic membrane-localized enzyme re-
sponsible for the first step in the amyloidogenic pathway.4,12
Interestingly, BACE1 production is increased under cellular
stress.4 APP is cleaved first by β-secretase then by γ-secretase
to make Aβ. 3 Moreover, β-secretase is in constant competi-
tion with α-secretase, another proteolytic enzyme that
cleaves APP and forms part of the non-amyloidogenic path-
way.12 It is reasonable to think that if there are elevated
BACE1 protein levels, β-secretase prevails which ultimately
leads to the degeneration of the CA1 hippocampal neurons.

A study by O’Connor et al. shows that ER stress is seen to
regulate BACE1 levels through an intricate mechanism in-
volving a eukaryotic translation initiation factor. O’Connor
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et al. first induced stress by energy deprivation in HEK-293
cells to investigate stress response mechanisms. Energy de-
privation was also induced by the lack of glucose in the cul-
ture medium.4 First, the authors observed an increase in
BACE1 protein levels in the energy deprivation group.4 Next,
the researchers sought to understand why BACE1 levels were
increased under cellular stress. By inhibiting ER stress using
tauroursodeoxycholic acid(TUDCA), a compound known to
alleviate ER stress, and by inhibiting the PERK pathway us-
ing p58, they saw a significant decrease in BACE1 expres-
sion.4 This indicated that BACE1 was both regulated by ER
stress and downstream of the PERK pathway.

Following these results, the authors sought to investigate
whether this regulation was transcriptional or translational.
To address this , they focused on the BACE1 mRNA tran-
script which contained a 5’ untranslated region (5’-UTR)
that had three upstream open reading frames (uORFs).4
These premature upstream start codons tend to sequester the
ribosome, thus preventing the downstream coding region
from being translated.4,13,14 Importantly, one of the targets of
PERK is the eukaryotic initiation factor 2α (eIF2α).4,10 This
factor is involved in the assembly of the pre-initiation com-
plex and the recruitment of the small ribosomal subunit re-
quired for protein synthesis.4,13,14 For instance, when eIF2α is
phosphorylated by PERK under ER stress, it is unable to
carry out its regular function, resulting in the downregula-
tion of global mRNA translation, but not stress response
mRNA translation.4,13 Phosphorylated eIF2α (eIF2α-P) de-
creases global protein synthesis and increases stress tran-
scripts due to the delay in the reassembly of the aforemen-
tioned complex, eIF2α.4,13,14 This allows the small ribosomal
subunit to continue scanning until it finds the true AUG start
codon, and the stress response gene can then be successfully
translated.13

In this study, the amount of phosphorylated eIF2α was sig-
nificantly increased in the energy deprivation group.4 Fur-
thermore, they used salubrinal to inhibit phosphatase 1
(PP1), the enzyme responsible for de-phosphorylating
eIF2α-P, resulting in elevated levels of eIF2α-P.4 As a conse-
quence of this elevation, they observed a significant increase
in BACE1 protein levels.4 The opposite experiment was also
carried out: they treated the energy deprivation group with
GADD34, which forms a complex with PP1 and de-phos-
phorylates eIF2α-P.4 This resulted in a decrease in eIF2α-P
levels and consequently, BACE1 levels. These results support
an eIF2α-mediated regulation of BACE1.

As previously stated, BACE1 has the characteristic 5’-UTR
which contains three uORFs. This allows for it to be highly
translated during the stress response period when eIF2α is
phosphorylated by PERK. To examine whether BACE1’s 5’-
UTR was the region of translational repression, researchers
deleted it from the BACE1 mRNA.4 They observed that
BACE1’s translation was no longer repressed under normal
conditions and that it was being expressed to a similar degree
as in the energy deprivation group.4 This further supported

the mechanism proposed: ribosomes are no longer se-
questered by 5’-UTR ORFs upstream of the BACE1 mRNA
due to the delay presented by phosphorylated eIF2α.

Despite this, researchers found that mRNA levels had de-
creased.4 This unexpected finding further supported the idea
that BACE1 regulation was taking place translationally and
not transcriptionally.4 The authors stated that the decrease in
BACE1 mRNA could be due to the depletion of ATP during
cellular stress.4 This decrease was also observed when they
used primary neurons from Tg2576 transgenic AD mice.4
The same BACE1 protein increase was found in both the
neurons under the energy deprivation as the BACE1 HEK-
293 cells. Furthermore, they measured the levels of Aβ
oligomers and saw an increase as increasing concentrations
of salubrinal were added.4 This suggested that more phos-
phorylated eIF2α was increasing BACE1 levels and that β-
secretase was actively processing APP.

The previous experiments were carried out in vitro to validate
the mechanism of BACE1 regulation. Next, O’Connor et al.
wished to investigate whether these results were also taking
place in vivo. They did this by generating an in vivo energy
deprivation model using a series of compounds such as 2DG
(a competitive inhibitor of hexokinase) and 3NP (an in-
hibitor of the Krebs cycle and electron transport chain).4 As
a result, they saw a significant increase in Aβ peptide levels
and the number of Aβ plaques.

Despite their proposed energy deprivation model that in-
duced ER stress, it is known that Ca2+ dysregulation also
leads to ER stress.11 It is reasonable to suspect that during
dyshomeostasis of Ca2+, there is an activation of the UPR
pathway.10,11,20 As previously mentioned, UPR consequently
leads to PERK activation which, in turn, phosphorylates
eIF2α and ultimately leads to higher levels of BACE1.10,20 t
Ca2+ dysregulation has an indirect effect on BACE1 through
ER stress; however, a more direct pathway exists.

Direct Interaction between BACE1 and Ca2+
Increases its Proteolytic Activity in vitro
Hayley et al. conducted a novel investigation into whether
Ca2+ directly interacts with BACE1. The authors performed a
series of biophysical and biochemical characterizations of the
BACE1 interaction with Ca2+.12 First, they purified the
BACE1 protein from isolated membranes and performed
circular dichroism (CD); an absorption spectroscopy
method used to measure the secondary structure content of
a protein.12 Here, they measured the percentages of α-helical
and β-sheet contents of the active (pH 4.8) and inactive (pH
7.4) form of the BACE1 protein as the Ca2+ concentration (in
μM) was increased.12 They observed a 20% decrease in α-he-
lical content and a 10% increase in β-sheet content which was
suggestive of a calcium-induced conformational change.12
Additionally, they saw that the active (pH 4.8) form of
BACE1 was more sensitive to Ca2+ than the inactive form.12
The finding that Ca2+ is able to induce a conformational

change in the rate-limiting enzyme of the amyloidogenic
pathway is, in itself, remarkable.

Furthermore, the authors sought to comprehend the nature
of this binding. To this end, Hayley et al. performed isother-
mal titration calorimetry where they titrated BACE1 with
Ca2+ and measured the energy released (in Kcal/mol) in the
form of heat. This data provided not only the reaction en-
thalpy (ΔH° = -3.5 Kcal/mol), but also the dissociation con-
stant (kD = 2.0 μM).12 The values obtained suggested that the
binding of BACE1 and Ca2+ was an exothermic and sponta-
neous binding, as the free energy of binding was also a nega-
tive value (ΔG° = -3.36 Kcal/mol). Furthermore, the dissoci-
ation constant had indicated that BACE1 binds to Ca2+ with
a high affinity.12 In order to elucidate the outcome of this in-
teraction they performed a Ca2+ binding assay by incubating
BACE1 with a fluorogenic APP substrate in the presence of
varying Ca2+ concentrations.12 This measure of BACE1 activ-
ity as a function of Ca2+ showed an increase in activity in the
1-7 μM range.12 To better understand this in the context of
Ca2+ dysregulation, this term must be defined. The cytosolic

Ca2+ concentration during disruptions in Ca2+ homeostasis
lies in the 1-3 μM range.12 This suggests that under ER stress,
where Ca2+ homeostasis is disrupted, BACE1’s proteolytic ac-
tivity is higher. This ultimately yields more product, thereby,
more Aβ oligomers. These findings have great implications in
understanding how Ca2+ dysregulation in vivo regulates
BACE1’s activity. Although these experiments were carried
out in vitro, it is reasonable to suspect that this interaction
also takes place in vivo, especially during ER stress. Thus,
Ca2+ may be having a more direct effect on BACE1’s enzy-
matic activity in a brain affected by AD.

Elevated Calcium Levels Lead to the
Neuronal Hyperactivity Responsible for the
Endosomal Co-Localization of BACE1 and its
Substrate
Neuronal hyperactivity is a pathophysiological hallmark of
early-stage Alzheimer’s disease in both mice and humans.7
Lerdkrai et al. used an APPswe/PS1G384A AD mouse model

Fig. 1) The effects of calcium on the amyloidogenic pathway. (1) Indirect Effect: Calcium can activate the ER stress response which in turn
activates the unfolded protein response. This mechanism leads to the increased protein synthesis of stress transcripts such as BACE-1 by
the phosphorylation of eIF2α. (2) Direct Effect: Elevated cytosolic Ca2+ levels increases the proteolytic activity of BACE-1 and thus
enhances the generation of Aβ plaques. (3) Elevated Ca2+ levels cause neuronal hyperactivity which leads to a higher rate of vesicle
recycling resulting in the co-localization of BACE1 and APP in acidic endosomes. (4) BACE-1 inhibitors rescue neuronal hyperactivity
back to normal WT levels, reduce Aβ plaques formation, and rescue memory deficits.
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to investigate hyperactivity in cortical neurons. The authors
induced Ca2+ transients with caffeine, an agonist of the
ryanodine receptor found on the ER. They observed that en-
dogenous hyperactive AD cells had significantly longer-last-
ing caffeine-induced Ca2+ transients compared to their
wild-type (WT) counterparts.15 Furthermore, treatment with
cyclopiazonic acid (CPA), an inhibitor of ER Ca2+ pumps,
abolished these caffeine-induced Ca2+ transients and signifi-
cantly reduced neuronal hyperactivity in the AD mice.15
These findings suggested that intracellular Ca2+ stores were
contributing to neuronal hyperactivity in AD.15

Having established that the dysregulation of intracellular
Ca2+ stores is contributing to hyperactivity in AD, the next
step is to determine the relationship to amyloidogenesis. Hy-
peractive neurons are constantly firing and releasing neuro-
transmitters. Ca2+ is needed for vesicle fusion and, in hyper-
active AD neurons, there are high levels of cytosolic Ca2+.12,16
Due to this excessive rate of vesicle fusion, the axon terminal
becomes abnormally enlarged.16 As a method to keep
synapses at a steady and functional size, the neuron performs
clathrin-mediated endocytosis.16 It has been previously re-
ported that clathrin-mediated endocytosis is the rate-limit-
ing step in the internalization of APP.17 It has also been re-
ported that BACE1’s active site is found in the N-terminal
extracellular region.12 Hence, in the event of an internaliza-
tion, this active site is relocated to the inside of the endo-
somes.12 Endosomes have an acidic environment and BACE1
is in its active form at an acidic pH of 4.8.12,16 Additionally,
the outer leaflet of endosomes contain negatively charged
lipids that attract Ca2+ to its surface and, as previously shown,
Ca2+ enhances the proteolytic activity of BACE1.12 Hence, not
only is BACE1 in an environment where it can perform opti-
mally, but it is also colocalized with its substrate, APP, due to
the excessive vesicle recycling that takes place in hyperactive
AD neurons.16,18

BACE1 Inhibitor Reduces Amyloidogenesis
and Rescues Neuronal Hyperactivity and
Memory Deficits
Excessive Ca2+ levels lead to hyperactivity which increases
amyloidogenesis by colocalizing APP and active BACE1 in
acidic endosomes following clathrin-mediated internaliza-
tion.7,16,18 As expected, when an active enzyme binds to its
substrate, more product is made. In this case, Aβ peptide lev-
els are higher in hyperactive AD-affected neurons. Further-
more, it has been shown that Aβ itself induces hyperactiv-
ity.19 Zott et al. used two-photon Ca2+ imaging to visualize
Ca2+ transients in CA1 hippocampal neurons after Aβ ad-
ministration.19 They observed that administering 500nM of
soluble Aβ isoform 40 to WT mice induced hyperactivity
similar to that of the APP transgenic mice.19 It can be hypoth-
esized that neuronal hyperactivity is induced by Aβ since this
erroneously cleaved peptide tends to oligomerize and create
plaques that hinder the reuptake of glutamate, an excitatory
neurotransmitter. As it is well known, high levels of intrasy-

naptic glutamate are the source of excitotoxicity in the post-
synaptic cell which ultimately leads to Ca2+ dysregulation
and the activation of the apoptotic pathways.9,10

As a way to combat the progressive degeneration of neurons
in an AD-afflicted brain and rescue proper activity levels as
well as behavioral functions, researchers have chemically
developed BACE1 inhibitors.6 Keskin et al. used AP-
P23xPS45 transgenic mice that exhibited strong Aβ pathol-
ogy.7 As expected, the authors observed a significant decrease
in both Aβ isoforms, Aβ-40 and Aβ-42, as well as Aβ plaques
following treatment with NB-360, a BACE1 inhibitor.7 In or-
der to detect whether the reduction of these toxic peptides
had any effects on physiological or functional recovery, the
researchers performed two-photon Ca2+ fluorescence imag-
ing and the Morris water maze test to assess neuronal activity
and memory impairment, respectively.7

From the physiological studies, the researchers observed that
AD neurons exhibited Ca2+ transients characteristic of hyper-
active neurons.7 Following treatment with NB-360, this hy-
peractivity was restored to normal WT activity levels.7 They
also examined impaired slow brain oscillations which corre-
late with the accumulation of Aβ.7 In this study, they placed
an electrode in the frontal cortex of each mouse and another
in their occipital lobe and detected an impaired and disorga-
nized pattern of slow-wave activity.7 Following NB-360 treat-
ment, they observed a significant recovery showing coher-
ence in the activity pattern.7 After training for five consecu-
tive days, the transgenic AD mice exhibited longer latency to
find the hidden platform in the Morris water maze test in-
dicative of memory impairment.7 After NB-360 administra-
tion, the researchers observed that the time it took for these
transgenic mice to find the platform was significantly low-
ered. In fact, this time did not significantly differ from
healthy WT mice, suggesting that the BACE1 inhibitor had
successfully rescued memory functions.

Despite these results being incredibly successful in mice, in
humans there has been no such luck. For instance, the potent
BACE1 inhibitor, MK-8931(with an IC50 of 2.2 nM) was
discontinued from phase-III clinical trials due to its inability
to improve cognitive functions.6 Other BACE1 inhibitors
have also been discontinued due to their adverse side effects
such as rashes and injury, even though they were once shown
to reduce Aβ levels.6

Discussion
ER stress can be induced by a number of stressors, namely
energy deprivation, ROS, Aβ deposition, and Ca2+ dysregula-
tion.10 As a way to battle these Aβ aggregates, the ER activates
the UPR which in turn activates the PERK pathway (Fig.1.1).
It was a remarkable finding to see that BACE1 was down-
stream of this pathway and that its levels were regulated
translationally by eIF2α just like any other stress response
transcript. This leaves researchers with multiple targets along
the pathway to intervene and decrease BACE1 levels. For in-

stance, salubrinal could be used to decrease the amount of
phosphorylated eIF2α which would consequently also de-
crease BACE1 protein levels.4 Furthermore, buffering proteins
that bind Ca2+ could be used to reduce the myriad of effects
Ca2+ dyshomeostasis has on an AD-affected neuron. This
would resolve many problems such as the elevated BACE1
protein levels, BACE1 increased proteolytic activity, and exces-
sive vesicle recycling following hyperactive vesicle fusion.
Ca2+ buffering proteins would also lower the colocalization of
BACE1 and its amyloidogenic substrate. Moreover, excitotoxi-
city due to the toxic deposition of Aβ plaques would be more
manageable since this second messenger would now be se-
questered by the buffering proteins.

As observed in Keskin et al., inhibiting BACE1 showed re-
markable results in mice, however, these results have not been
reproduced in humans. Some speculate that BACE1 inhibitors
do not ameliorate symptoms because of the formation of AB
plaques prior to the diagnosis of AD.6 Preventing the further
deposition of these oligomers is not enough to allow for a suc-
cessful recovery of the lost functions. This method would only
be effective if BACE1 inhibitors were administered at the early
stages of the disease or to people with a high risk of developing
it. However, this is not the only problem researchers are facing;
BACE1 inhibitors are also affecting the additional non-amy-
loidogenic functions that BACE1 performs. For instance,
BACE1 has a higher affinity to cleave neuregulin-1 (NRG1)
than APP.6 Cleavage of NRG1 by BACE1 is necessary for its
proper functioning during development, namely neuronal
myelination. However, this non-amyloidogenic substrate
(NRG1) is not endocytosis-dependent like the amyloidogenic
substrate (APP) is.6 Obtaining a comprehensive understanding
of the subcellular compartmentalization of reactions can be
useful to researchers in order to specifically target the amy-
loidogenic functions of BACE1 while leaving its other func-
tions intact.6

An additional complication in this process is how BACE1 is
being purified and how inhibitors are synthesized. Hayley et al.
provide a purified BACE1 in a membrane-like conformation
that is different from the purified crystal structure commonly
used as the model to test BACE1 inhibitors.12 The crystal struc-
ture model poses a problem of true specificity. Researchers
have been testing inhibitors on an in vitro crystal structure and
not on a structure that resembles BACE1 under physiological
conditions in vivo. This might mean that the BACE1 inhibitors
are not working specifically or optimally because of an error in
their structural development.12 Further research is needed in
this field in order to design a specific BACE1 inhibitor that is
as successful in humans as it has been in mice.

Overall, some of the mechanisms by which Ca2+ dyshome-
ostasis regulates the rate-limiting enzyme of the amyloido-
genic pathway have been elucidated in this review. Ca2+ has
both indirect (Fig.1.1) and direct (Fig.1.2) effects that regulate
BACE1 protein levels and its proteolytic activity, respec-
tively.4,12 Furthermore, the mechanism by which BACE1 colo-
calizes with its substrate(APP) in an optimum performance

environment (Fig.1.3) has been discussed.12,16,18 This mecha-
nism is attributable to the excessive Ca2+ levels that lead to
neuronal hyperactivity (Fig.1) and, as a result, a higher rate of
vesicle recycling.7,15,16 Additionally, it has been established that
hyperactivity leads to higher Aβ levels which in turn contrib-
utes to hyperactivity in a vicious feed-forward cycle.7,19 Finally,
it has been reported that memory functions were recovered
and that hyperactivity was abolished upon treatment with the
BACE1 inhibitor (Fig.1.4), NB-360.7

It is imperative to understand how the rate-limiting step of the
amyloidogenic pathway is regulated under cellular stress so
that researchers can target and intervene pharmacologically at
the different steps in these pathways. Needless to say, the ulti-
mate goal is to ameliorate AD pathology and symptomatology
as well as to recover the lost functions. To this end, further
investigation of the complex, vicious cycle that gives rise to
neurodegeneration in AD is necessary.
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In deeply divided societies and deeply flawed democracies
such as Pakistan’s, one might wonder if there exists a princi-
ple that could effectively address the structural issues
present. After some consideration, I believe that in order to
truly represent democratic ideals, a state and its constitution
must embody the principle of justice. Although justice may
be defined in any number of ways, and arguably forms the
basis for all other moral virtues, I will be defining it as equity,
or as John Rawls puts it, “justice as fairness.”1 This paper will
present Pakistan as a case study for diverse, divided and de-
veloping countries with long-prevailing status quos and
power structures that hinder democratic activity. By examin-
ing the critical institutional choices made in the 1973 Pak-
istani Constitution and crafting a hypothetical constitution
that places the utmost importance on the pursuit of justice, I
will be suggesting changes that can enable democratic insti-
tutions in the country to function fairly and equitably.

Defining Equity
Equity is a concept which originates from the Greek word
epieikeia (meaning appropriateness, exceptionality, and jus-
tice) and the Latin word aequitas (meaning evenness, same-
ness, and fairness2) . Equity is primarily defined as the fair
treatment of individuals according to their respective needs
and requirements. This is in contrast with the principle of
equality, which implies that all individuals must be treated
the same, regardless of their position in society, thus putting
certain individuals at a disadvantage. Although, as I shall
examine, equality is important for certain aspects of a
democracy, an indiscriminate dependence on it can often
lead to injustice.

Considering the subject of my analysis – a Muslim-majority
Islamic state – this experimental constitution would benefit
greatly from the inclusion of Islamic political theory, espe-
cially the principle of ‘Adalah (justice as equity). However, for
the purposes of this particular paper, I will only be co-opting
the concept of justice as outlined in John Rawls’s A Theory of
Justice,1 and Eleanor Curran’s Comments on Larry May’s
“Limiting Leviathan,”3 and leave an expanded examination of
Islamic principles for a more comprehensive future discus-
sion.

Rawls, in his landmark book, defines justice as the “first
virtue of social institutions,” asserting that there is no space
in a just system for “sacrifices imposed on a few” that are out-
weighed by a “larger sum of advantages.”1 This is the very
foundation of both of our arguments: that no individual
should ever benefit at the expense of another. His definition
of justice as fairness is based on two basic tenets. The first, as

outlined in Chapter Two, is for every person to have an equal
right to basic liberties, or “constitutional essentials,”4 includ-
ing political liberty, freedom of speech and assembly, free-
dom of thought, freedom of the person, the right to hold
personal property, and freedom from arbitrary arrest and
seizure. These freedoms, of course, exemplify the principle of
equality, and according to Rawls, are “not subject to political
bargaining or to the calculus of social interests.”1 A similar
idea is furthered by Hobbes in De Cive, where he states that
the “safety of the people is the supreme law,” defining safety
as “everything necessary for a commodious life.”3 Thus, it is
the government’s foremost duty to secure these basic liberties
for all of its peoples, regardless of their position or status.
And, although unfortunately subject to varying implementa-
tion, these essentials are enshrined in the Pakistani Constitu-
tion.

The second and more notable tenet of Rawls’s thesis is the
principle of having social and economic inequalities “ar-
ranged so they are both (a) reasonably expected to be to ev-
eryone’s advantage, and (b) attached to positions and offices
open to all.”1 This principle is where equity is incorporated
as a form of justice, because it calls for social institutions to
divide benefits appropriately to uplift the disadvantaged and
ensure that they have the opportunity, skills, and resources to
succeed. This idea is important to help us make the distinc-
tion between equality and equity, because it demonstrates
how simply declaring all people equal under the law is in-
sufficient; there will always be people who are worse off due
to this “equal” distribution, since they were disadvantaged to
begin with. Thus, relying on equality without considering
equity is akin to turning a blind eye to both the excessiveness
of the haves and the plights of the have-nots. Equality is the
bare minimum; it should not define the institutions that the
constitution establishes. Instead, I aim to elevate my aspira-
tions above the basic and urgent provision of equality, ideally
reaching a point where it provides the backdrop for the pur-
suit of justice and equity.

Rawls’s principle of justice as fairness is based on an intrigu-
ing thought experiment that he engages in throughout the
book. Although this scenario is purely hypothetical, it helps
one truly understand the benefits of an equitable society,
particularly equitable social institutions. He creates a fair
choice situation by asking readers to assume that all individ-
uals must cooperate to define the principles based on which
their society will function. However, these people are behind
a “veil of ignorance”–they are unaware of what their status in
society will be once the veil is lifted.1 In this scenario, not
knowing whether they will be better or worse off after an
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equal distribution of benefits, the natural principle, or what
Hobbes would call the “law of nature,”3 is that they will col-
lectively decide to adhere to an equitable system that benefits
even the worse off, leaving no one behind. Therefore, equity
is what he defines as the “original position,” i.e. the elimina-
tion of conflicts of interest, resulting in cooperation within
social, political, and economic institutions, providing every-
one with the chance to truly succeed. This eliminates the
injustice and arbitrariness of what Rawls calls “accidents of
natural endowment and the contingencies of social circum-
stances,”1 ensuring a division of advantages that makes for a
level playing field and equal life chances for all.

Despite this idea of equity being the “natural” and “original”
inclination–an innate preference, of sorts–Rawls does not
deny that humans are “rational beings,” looking to further
“their own ends.”1 Rather, he argues that this system will be
agreed upon by all reasonable individuals, as it will further
each party’s interests without compromising any one group,
providing a comprehensive framework for equitable ends.
Similarly, May in Limiting Leviathan argues that Hobbes’s
discussion of the binding power of equity is “grounded in
prudence,” because violating the principle would undermine
the safety of the people, what Rawls would consider a basic
liberty and the state’s primary responsibility. This would re-
sult in unrest and therefore jeopardize the regime.3 Thus,
both Hobbes’s and Rawls’s theories of justice and equity go
beyond the theoretical “original position” to illustrate the
motivating reasons behind choosing justice as fairness as the
foundation of society as well as the viability of furthering the
principle in political institutions: the practicality of equity,
and the tangible effects of a lack thereof. Both scenarios cul-
minate in what Rawls and Hobbes define as the “social con-
tract,” and although their interpretations of this concept vary,
both have demonstrated that equity is the most practical as
well as the most moral foundation for any constitution.

Furthermore, Rawls draws stark contrasts between justice as
fairness and the utilitarian view of justice, which is typically
used to define democracies, illustrating how the latter pro-
motes inequity by trying to make the most number of people
happy. Because utilitarianism aims for the maximization of
the net satisfaction in society, it has no qualms about neglect-
ing a disadvantaged minority, or violating the liberty of a few
to promote the greater good. Not only is this an unjust distri-
bution of benefits because it fails to make distinctions be-
tween people of varying statuses and their different needs,
but it also makes maximizing good the topmost priority, even
if it only benefits a particular sector of the population.
Within Rawls’s interpretation of justice as fairness, however,
good is not necessarily the end goal. Instead, social institu-
tions should be striving for the right and the fair. To aim for
what is right does not always mean maximizing satisfaction,
although this might be a by-product of being equitable.1
Hobbes has a similar perspective on the issue, stating that
just and efficient legislators and judges must have a “right
understanding of…equity.”3 His view supports Rawls’s claims
because he believes that equity provides the standards to

judge laws and their applications as wrong or right. As Rawls
puts it, “the concept of right is prior to that of the good.”1

This is what makes institutions stable and ensures that the
violation of justice does not occur. This distinction between
what is right and what is good effectively dismantles the
perception that governments must prioritize the greater
good in a democracy and makes for a compelling argument
in favor of equity over utilitarianism.

This interpretation of justice as a means to promote equity
also acts as a check on individuals’ desires, if these inclina-
tions violate the principles of justice. Thus, this system helps
individuals strive for ends that bring them satisfaction while
working within a “framework of rights and opportunities,”
making sure their ends are “equitably pursued.”1 Similarly,
Curran also analyzes May’s examination of Leviathan, outlin-
ing the “notion of equity” that Hobbes wrote about as both a
“moral law” and as a “requirement of a sovereign’s lawmak-
ing authority.”3 This brings attention to the role of equity in
all aspects of a democracy, especially in the limitations and
restrictions in a sovereign’s power, which by extension can be
considered limitations on the desires and demands of the
principles in a democracy. Although Hobbes’ views on the
preferred form of government are questionable, May argues
that he agrees that agents should be restricted via moral prin-
ciples. These principles–equity in particular–are considered
“laws of nature” and act to “bind the sovereign,” May notes.3
Thus, Hobbes sees equity as both a way to regulate govern-
ment policies and to further “civil amity,” establishing a
“long-term stability” originating from “a general human ca-
pacity to treat others fairly.”2 Rawls, further on in his book,
explores this intersection of personal and government moral-
ity. He goes a step further by examining the specifics of how
the “choice of a political constitution” and the “main ele-
ments of the economic and social system” can be defined and
regulated within the frameworks of equity, focusing on how
rights, freedoms, duties, and opportunities are assigned in
“various sectors of society.”1

It is this “broadened and rich version of equity,” going “be-
yond a mere procedural rule of equal treatment to encom-
pass fairness itself ”3 that will define my hypothetical
constitution. Although Rawls disagrees with many of
Hobbes’s philosophies, both writers base their notions of
social justice on the principle of equity. In their own distinct
ways, they have introduced a social contract that all individ-
uals voluntarily ascribe to, using equity as the basis of which-
ever social institutions they each prefer. Rawls’s book,
Curran’s commentary on Hobbes’s work, and May’s interpre-
tation have all demonstrated to us that equity is the most
practical method to secure one’s own interests without in-
fringing upon the rights of any other groups. It also helps
establish social, economic, and political institutions that pri-
oritize the well-being of each distinct sector of society.

Therefore, through an examination of Hobbes’s and Rawls’s
political philosophies and their respective interpretations of
justice, I establish that equity is the foundation that must un-

derpin any democracy. This will result in a stable state that
transcends the simplistic and one-dimensional notion of
equality under the law, instead championing equity as the
guiding principle for its institutions and its social ideology
and striking an ideal balance between a socialist welfare state
and the capitalistic machine driven by self-interest.

National Ideology
According to Lerner, the constitution of any nation-state
must express “the underlying common vision of the polity”5

because it acts as an ideological charter for the state’s very
identity. This national identity must represent a “we:” a uni-
fied, if not homogenous, group. The whole of the Pakistani
Constitution defines this “we” as the diverse ethnic, linguis-
tic, cultural, and religious groups within the Pakistani popu-
lation. However, the country itself, and much of its
constitution, is characterized by an Islamic identity; there-
fore, it is an incontestable fact that any version of its constitu-
tion will be derived from Islamic values. Although a political
and economic system that prioritizes equity may take on any
number of forms, for the purposes of this paper, what I am
most interested in exploring is the idea of an Islamic socialist
state–an ideology that both founder Muhammad Ali Jinnah
and first Prime Minister Liaquat Ali Khan endorsed.6, 7 Is-
lamic socialism is strikingly similar (with some notable reli-
gious variations) to the democratic socialism that is
supported by Rawls,8 and it is perhaps the most equitable
form of government for the country. However, I will be dis-
cussing the institutional choices that the constitution will
make, and so state ideology, albeit intriguing, is beyond the
scope of this paper. Nevertheless, it is my hope that these
institutional choices will eventually culminate in the estab-
lishment of Islamic socialism, for they certainly further the
values of equity and social justice that the ideology embod-
ies.9

Federal versus Unitary Government
For my first institutional choice, I will be advocating for a
federal system of government. Federalism is my system of
choice for a number of reasons–the pursuit of justice as eq-
uity underpinning them all. To understand the need for fed-
eralism in Pakistan, I must briefly take a step back to examine
the historical basis of the country. Here, I will begin lifting
Rawls’s veil of ignorance by moving past the original posi-
tion. Rawls states that this veil-lifting will continue until “ev-
eryone has complete access to all the facts,” allowing people
to frame the most just constitution possible considering the
society under discussion’s “natural circumstances and re-
sources,” “beliefs and interests,” “political culture,” and “level
of economic advance.”10 This sort of information is essential
to ensure that the constitution is equitable in the specific con-
text of the nation-state in question.

Pakistan was formed as a remedy to many Indian Muslims’
fear that “majority rule” in India, after the country gained
independence from the British, would simply mean Hindu
domination over the Muslims.5 According to Jinnah, “talk of

Indian unity…[was] simply a myth,” since he saw India’s “ge-
ographical unity” as “entirely the creation of the British who
[held] it as one administrative unit by…the sword and not
the will or the sanction of the people.”5 He saw India as com-
prising a multitude of nations, the most distinct being the
Hindus and the Muslims, the latter of which he foresaw
would be overpowered and marginalized by the former.
Other writers have explored the complexity of Hindu-Mus-
lim relations in the subcontinent before, but the point of im-
portance here is that Pakistan was conceived as a Muslim-
majority nation-state, meant to provide adherents of the
religion the constitutional protection that India, under the
rule of the Indian National Congress, seemed unlikely to de-
liver.

However, this statement leads one to presuppose that for this
seemingly homogeneous population, the most logical dy-
namic between the central government and its subunits
would be a unitary state. This is false, owing to the ethnic,
linguistic, and until 1971, geographic diversity within the
polity, which is the primary reason Pakistan adopted federal-
ism. Still, the country has, in the past, leaned towards a re-
gressive centralization of power, first introduced in the 1962
Constitution as the “One Unit Scheme.” This policy stemmed
from a refusal to provide equity for the people and politicians
of East Pakistan, and resulted in the dismemberment of the
east wing (now Bangladesh).11

A return to federalism in 1973, however, aimed to reinstate
the autonomy of the provinces. Federalism is indeed the
most suitable and equitable way forward for the current
ethnic and linguistic diversity in the country. The decentral-
ization of power ensures that all provinces can retain their
autonomy and preserve identities that transcend the federa-
tion’s collective Muslim identity. These groups make up na-
tions of their own: Punjabis, Pashtuns, Balochis, Sindhis, and
Saraikis, among others. They each have their distinct lan-
guages, cultures, histories, and practices, and are limited for
the most part to definitive geographic territories, known as
provinces. Therefore, theoretically, a federation allows for
Pakistan to ensure unity between these peoples without eras-
ing their separate cultures and needs.

That being said, the East-West Pakistan conflict is not the
only time Pakistan has alienated groups of people on account
of their differences. Although the “preservation of language,
script and culture” is mentioned in the Constitution (Article
28), the forceful imposition of Urdu as the national language
has oftentimes been seen as a misstep, and has been said to
result in the erasure of regional languages in the federation.
The Eighteenth Amendment in the 1973 Constitution also
addressed the provincial ownership of natural resources, di-
viding it equally between “that Province and the Federal
Government.”11 Although this was an improvement from the
complete control the federal government previously claimed
over provincial resources, Ahmed and Faiz argue that in or-
der to promote “vibrant federalism,” the state must resolve
the resentment that provinces harbor regarding the issue of
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resource ownership so that underdeveloped provinces such
as Balochistan can tap into their primary sources of eco-
nomic gain.11 This is an issue of equity, because not all prov-
inces are equal in their resources and their representation,
and so there is a need to ensure that within the federation,
each province gets its due as per their respective needs. This
should be done through providing them the autonomy that
they require. “Accepting and accommodating their diversity”
is crucial, instead of imposing a mythological national iden-
tity that fails to resonate with a country that considers itself
beyond a common religion and a national language.

Supporting this thesis, Lerner also reaffirms that federalism
is the most effective solution for states where “various ethnic,
national or linguistic groups are territorially concentrated,”
as is the case in Pakistan. However, it is also important to
remember federalism alone cannot ensure equity and justice
in a society as deeply divided as Pakistan’s. As Lerner puts it,
creative provisions are required to prevent a “rigid and
supreme” constitution that will create “competing systems of
norms and identities” between distinct peoples.5 Ahmed and
Faiz also observe that there is a need to honor “unity in diver-
sity” to make for a “sustainable and long-lasting” federation,
one where each province is given their basic liberties as well
as equitable treatment under the constitution, providing for
social, cultural and economic prosperity.11

Electoral System
As ethno-linguistic, sectarian and provincial strife continues
to exist, it must be understood that federalism (even well-ex-
ecuted federalism, of which there is a deficit in the country)
cannot alone promote justice. Thus, the next institutional
choice in question, to encourage equitable representation, is
that of the election system. For my hypothetical Pakistani
constitution, drafted with the purpose of furthering justice, I
believe that proportional representation (PR) should be pre-
ferred over the majoritarian electoral system that currently
exists in the country. As I shall explore presently, PR goes
hand in hand with other institutional choices that make up
what Lijphart dubs “the consensus cluster,” which is charac-
terized by PR, a multiparty system, coalition governments,
and a strong legislature.12 Although the arrangement is not
perfect, I believe it is the most viable method of achieving
systemic equity in the constitution, establishing a foundation
for further equity throughout society.

One of the most important reasons for the adoption of PR is
one that I have already discussed: the ethno-linguistic, reli-
gious and cultural diversity within the country. Due to this,
many countries in Europe have opted for PR to ensure that
ethnic groups within their heterogeneous populations are
provided adequate representation. A second consideration
whilst choosing PR is the “rising working class [wanting] to
lower the thresholds of representation…to gain access to the
legislatures,” paired with “the most threatened of the old-
established parties [demanding] PR to protest against the
new waves of mobilized voters.”12 And so, in accordance with
Rawls’s natural principle (whereby decisions were made to

benefit all parties involved), proportional representation rec-
onciles both groups–it allows more political participation
while pacifying traditionally powerful parties, such as the
Pakistan Muslim League and the Pakistan People’s Party. This
creates a more competitive democracy, protects the interests
of minorities and disadvantaged groups, and maximizes rep-
resentation.

Many in favor of plurality argue that while PR does work to
expand representation and participation, this does not al-
ways result in a more effective democracy. It is claimed that
majoritarian systems provide accountability for government
policy, also resulting in “firm leadership” and a greater “ca-
pacity to govern.”12 This is a myth, because divided societies
require coexistence, conciliation, and compromise, all of
which can only be achieved through the “greatest possible
inclusion of representations of [differing] groups in the deci-
sion making process.”12 The PR system is uniquely positioned
to provide just that, and thus is best suited for effective and
efficient policymaking in the long term, as decisions being
made will reflect the interests of the entire country and not
just the majoritarian party’s singular ideological objectives.
This links back to Hobbes’s support for enduring “civil
amity,”2 which can best be achieved through equitable repre-
sentation.

Turnout is also maximized in countries with parliamentary-
PR systems, according to empirical data provided by Li-
jphart, which shows a 90% turnout being realistically attain-
able when voting is made compulsory in countries within a
PR system, and a much lower turnout in countries with ei-
ther presidentialism or plurality systems. Other statistics
suggest that economic inequalities and the unequal distribu-
tion of income is the lowest in countries with parliamentary-
PR systems, as opposed to parliamentary-plurality systems
or any variation of the presidential system. Lijphart also pro-
vides compelling evidence to suggest that parliamentary-PR
systems have the best records in representation, minority
protection, and low unemployment.12

Now that I have established the clear reasoning behind
adopting proportional representation over plurality voting, I
must discuss further institutional choices that need to be
made regarding PR. I believe that the most equitable method
of casting votes within a Pakistani democracy is an open-list
PR system, whereby people vote for both a political party via
a party list and individual candidates within the party list.
Seats are then allocated to each party in proportion to the
total votes it received, and each party’s seats are given to the
candidates with the most individual votes.

Traditionally, Pakistani politics has been gate-kept by the
rural and urban elite, including industrialists, businessper-
sons, and real estate tycoons, who have developed “dynastic
holds” and exploited patron-client power dynamics in their
local constituencies.13 Known as “electables,” they have dom-
inated politics due to their financial strength, regardless of
their true intentions or political alignments. PR, however,
would allow for the country’s democracy to break loose of

the far-reaching influence of these incompetent electables,
allowing new candidates and smaller parties (such as the
Awami Workers Party) to get their foot in the door in both
local and national elections. Thus, PR ensures that elections
are not undermined through the power of patron-client rela-
tionships by guaranteeing some degree of minority faction
representation, while continuing to encourage competition
between candidates.14

Another method to further discourage patron-client rela-
tionships that result in disproportionate political depen-
dency within local elections is the option for either approval
voting or the Single Transferable Vote within the open-list
PR system. In the former, voters express approval for as many
candidates as they would like. Parties’ seats are then allocated
to candidates who have the highest approval votes, limiting
the scope for the unjust monopolizing of power. In the latter,
voters rank the candidates, and a predetermined quota of
votes is used to decide the threshold to guarantee a seat. If a
candidate reaches or crosses the threshold, the individual’s
vote is transferred to their second preference, ensuring that
no vote is wasted. This option is already utilized within the
Senate, but since the Senate is an indirectly elected body, it
does not represent the people equitably–especially since the
Parliamentarians who vote for Senators are elected via the
plurality system.

Within national and provincial elections, a simple plurality
(the “first-past-the-post” system) is used in most cases, with
the exception of seventy seats for women and minorities in
the National Assembly allocated by PR. This creates a multi-
tude of issues, including immense barriers against the entry
of new political players, voting for whom is often seen as a
waste regardless of their election platform, as they are un-
likely to win a seat in the National Assembly due to the win-
ner-takes-all nature of plurality voting. According to Media
for Transparency, one in two voters in Pakistan was never
represented in the federal legislature in the 2013 National
Assembly elections.13 This is only one of many instances of
discrepancies between the vote percentages and the percent-
age of seats that parties are eventually assigned. This disso-
nance grows more pronounced when the provincial
breakdown of seats is examined. Abbas demonstrates how
the severity of the issue increases since in 2013, only 50 per-
cent of eligible voters cast a vote, meaning only about a quar-
ter of the Pakistani population was represented in the
National Assembly. Thus, PR will remedy these issues in
multiple ways: increasing the turnout, expanding representa-
tion, encouraging competition, protecting minority rights,
creating long-term stability, and ultimately, promoting eq-
uity.

Political Parties and Interest Groups
For the third institutional option, namely political parties
and interest groups, I have delineated some of the constitu-
tional choices I would like to make in order to encourage
multipartism and strengthen interest groups, promoting
equity and fairness. As mentioned in Taylor et al., political

parties and interest groups are “less a feature of a constitu-
tional/legal order as they are a result.”15 This applies to my
other institutional choices, such as PR (as discussed) and a
parliamentary system, which foster a culture of political plu-
ralism. Interest groups are also a vital element of a just and
healthy democracy, and must be encouraged and protected
through the provision of constitutional rights such as the
right to free speech, the right to organize and assemble, and
the ability to petition to the government.

The decision to encourage a multiparty system is an easy one,
especially if it is in conjunction with my other institutional
decisions. As seen in ethnically diverse countries such as
Belgium, PR lowers the barriers for smaller parties, allowing
ethnic political parties to gain “virtually perfect proportional
representation,”12 making it a mechanism that Pakistani
democracy requires urgently. Multiparty systems where na-
tional parties nominate candidates in local elections can, in
particular, promote equity in a democracy, providing a “pri-
mary route for thousands of local leaders” who would ordi-
narily not be able to participate.14

Some might argue that if a multiparty system in the country
was to be paired with PR, stability in the government might
become impossible to achieve with the vote being frag-
mented and more parties than ever forming a coalition. If
this kind of instability ever arises, a minimum threshold
would prevent it, such as that in Germany where there is a
five percent vote threshold that parties must obtain in order
to gain representation. However, it is unlikely for the pres-
ence of more representation of the people to result in insta-
bility; instead, I would argue that it would lead to “maximum
popular support” and the “harnessing [of] best talents.”13

Lijphart mentions that the notion that coalitions are “messy,
quarrelsome and inefficient” is a myth because two-party
systems are just as, if not more, prone to “paralysis and dead-
lock.”12 While on the surface two-party systems might be
more capable of forming policies with “greater ease and
speed,” well-thought-out policies formed through broad con-
sensus and the good of every stakeholder in mind truly char-
acterize a strong government in the long term, and are what
maximizes justice.

Regarding interest groups, a vital issue in the formation and
promotion of interest groups in Pakistan is the lack of rights
that they are given – arbitrary arrests, censorship, and out-
right bans are not unheard of. For example, student unions
were outlawed in 1984 under the flawed pretext of preventing
violence, and student solidarity movements across the coun-
try have resulted in arrests and widespread silencing tactics.
Movements such as the Haqooq-e-Khalq (Human Rights)
Movement, and campaigns by health workers, lawyers and
laborers, have also been subjected to intense marginalization
by the state. Furthermore, activists and dissenters’ rights are
frequently violated through fines and arrests at best and
forced disappearances at worst. The suppression of interest
groups, therefore, must be explicitly outlawed in the consti-
tution in order to make for an equitable system and a robust
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democracy that, as mentioned in the Haqooq-e-Khalq Move-
ment’s manifesto, “addresses the needs and concerns of a
majority of Pakistanis, not just the political one-percent.”16

Legislative Branch
As the central policy-making institution, the legislature is the
backbone of the government. The major institutional choice
that political engineers are required to make in this regard is
whether the legislature should have a bicameral or unicam-
eral structure. For Pakistan, as for many federations, the
most obviously equitable choice is a bicameral legislative
branch. This is because Pakistan has previously experi-
mented with unicameralism, which directly culminated in
the conflict between West and East Pakistan and the eventual
independence of the latter. To remedy the grievances of the
subunits of the federation and prevent yet another future cri-
sis, the 1973 Constitution established a lower and an upper
house, the National Assembly and the Senate, thus “[provid-
ing] a platform at [the] highest level to characterize and
honor regional, linguistic, cultural and religious and commu-
nity representation.”17 The primary purpose of introducing a
Senate was to provide equitable representation for all prov-
inces, with the intention of strengthening the federation. This
provides provincial autonomy (in theory, at least) and creates
a balance with the National Assembly, where the province of
Punjab continues to dominate due to its population density.

The Senate also ensures that all legislative decisions be re-
viewed for a second time, a measure which prevents the
tyranny of the lower house. I believe that this degree of
medium symmetry is equitable, but only if the lower house is
elected through proportional representation, as discussed;
because, the National Assembly will already consist of a
number of veto players within its diverse multiparty system.
Making the relationship between the Senate and National
Assembly fully symmetrical would make the legislative
process unnecessarily complicated. According to Mushtaq,
the Senate of Pakistan employs its oversight capacity “seri-
ously and frequently,” often utilizing a committee system,
adjournment motions, attention notices, resolutions, and
questions in the process.18 Therefore, its power of scrutiny,
revision, and the ability to suspend what are often time-sen-
sitive bills is a sufficiently equitable arrangement, making for
an efficient relationship of checks and balances between the
two chambers.

However, a major flaw in the Senate’s powers is that it cannot
revise economic and other money-related bills.17, 19 This is an
issue that undermines the equitability of the institution be-
cause, as mentioned, the distribution of economic resources
is one of the main issues of contention between the prov-
inces, and to not give the Senate–which serves to protect
these subunits’ rights–any say over fiscal federalism is a glar-
ing injustice and a major “setback to the legitimacy of bicam-
eralism”.19 Therefore in my hypothetical Pakistani
constitution, I would choose to give the Senate the additional
authority to deliberate on financial bills and the federal bud-
get.

Yet another flaw in the structure of the Senate is that al-
though it sufficiently addresses the issue of provincial repre-
sentation, this representation is not completely equitable due
to the diversity of ethno-regions within each province, and
their distinct interests. Once again, this calls for further di-
versification in the Senate’s seat allocations, providing vari-
ous subgroups within the provinces with their own
representation.19

An additional weakness in the Pakistani bicameral system is
the lack of youth representation. Although 64 percent of Pak-
istan’s population is younger than thirty, and this percentage
is slated to further increase in the coming years,20 there is al-
most no representation for young people in the legislature.
Furthermore, it is virtually impossible for young people to
run a successful election campaign, due to the deep-rooted
political hierarchies of the country. Although many of the
solutions that I have presented might help increase the
youth’s political participation, there is also the need for direct
affirmative action, which would provide a surefire, equitable
remedy to this malady. Political activist Shaheera Jalil Albasit
has recently petitioned for the government to establish a
thirty percent youth quota: allocating “thirty percent election
tickets to candidates under 35,” applying this thirty percent
youth composition across all legislative bodies, providing
“financial support to [young candidates’] election cam-
paigns,” and empowering “underrepresented sections of so-
ciety” via the quota.21 I believe that although the exact
percentage is open for discussion, quotas of the sort, some of
which are already established in the constitution, can provide
an opening for more political participation from disadvan-
taged groups.

Executive Branch
For my penultimate institutional choice, a parliamentary
system over presidentialism will come as no surprise since I
have previously discussed the viability of the parliamentary-
PR combination. The reasons behind this decision are mani-
fold, some of which I have already examined during my ex-
ploration of electoral systems; the attractiveness of the
consensus model is apparent and consistent with my com-
mitment to promoting equity. Presidentialism, on the other
hand, is usually associated with a two-party system and plu-
rality elections, thus treating the executive position as a
“prize to be won” by the majoritarian party.12 Presidential
cabinets also tend to consist solely of members of the govern-
ing party, which is a further blow to democratic fairness. Fur-
thermore, presidentialism is the ideal method to ensure the
concentration of power not just in one party, but in one per-
son. This individual rarely represents disadvantaged groups,
making the system by far the least equitable institutional
choice possible, as it is “inimical” to power-sharing12 and
based on the assumption that a single popularly-elected ex-
ecutive can “create a government by his personal mandate.”14

On the other hand, a parliamentary government allows for
more checks and balances, such as the head of state and the
legislature’s prerogative to enact a motion of no confidence,

and the executive branch’s ability to dissolve the National
Assembly.

In addition, Lijphart debunks the notion that a powerful ex-
ecutive results in the most efficient leadership and decision-
making. In fact, Latin-American countries, where the presi-
dential-PR model is most common, are no strangers to “exec-
utive-legislative deadlock and inefficient leadership”, with the
exception of Costa Rica, and perhaps Venezuela and Colom-
bia.12 One could argue that one solution to this deadlock
could be to trade the PR system with a majoritarian system;
however, because PR is the cornerstone of my pursuit for
constitutional equity, this is not an option, and thus, the par-
liamentary system is the most viable way to prevent the grid-
lock that combining PR with presidentialism would cause.

Lijphart also disproves the idea that a more inclusive execu-
tive branch is less effective at economic policymaking, citing
both historical examples and political scientists’ observa-
tions. Finer, for example, has stated that economic develop-
ment is not directly related to the rapid decision-making that
is associated with presidentialism, because development re-
quires “greater stability and continuity,” “moderation,” “bar-
gaining and conciliation,” and a “steady hand,” not just a
strong one.12 This sort of consensus-based decision-making
is both wise and equitable, because it is done with many par-
ties’ interests in mind – especially since the disadvantaged
will have multiple seats at the table.

Furthermore, according to Dahl’s ranking of democracies
based on ten indicators (including freedom of press and as-
sociation, strong parties and interest groups, effective legisla-
tures etc.), most parliamentary-PR systems are ranked much
higher than almost all parliamentary-plurality systems, pres-
idential-PR systems, and presidential-plurality systems.12
This is a clear judgment on the feasibility of both the parlia-
mentary model and proportional representation voting.

However in Pakistan, the doctrine of separation of powers
that underpins the very purpose of having a tripartite gov-
ernment–avoiding the tyranny of the majority or the most
powerful–has often been thwarted.22 The country has a his-
tory of failing to separate the executive branch from the leg-
islature, with the former often aiming to wield absolute
power. This is also complicated by the fact that the Prime
Minister is the head of the majoritarian party–a problem
which would be resolved through PR. This penchant for
exerting unconstitutional power reflects a shortcoming in
the constitution and a lack of accountability mechanisms
outside of it, thus undermining the principle of equity. There-
fore, further constitutional amendments are required to en-
sure that the executive branch does not abuse or overstep its
authority, limiting it to the functions prescribed in the con-
stitution.

Judicial Branch
A lack of separation of powers is also pervasive in the judi-
ciary, becoming a catalyst for unfairness in the institution
that is the very bedrock of justice. To remedy and prevent

such injustice, I will be making institutional choices that
work to strengthen democracy in Pakistan, in conjunction
with the aforementioned systemic changes.

First, I would favor a common law system, similar to the
current legal doctrine in Pakistan, which follows the princi-
ple of judicial precedent and makes for a “creative and as-
sertive” court.23 This balances out performance deficits
within the executive and legislative branches by protecting
the fundamental rights of the populace, whilst also recogniz-
ing that no two cases are the same and should be interpreted
considering both past court decisions and the distinctive fea-
tures of the current case – thus ensuring equity. Civil law, on
the other hand, features strictly codified laws that leave no
space for interpretation, often resulting in unjust rulings that
erase important differences between distinct circumstances.

Furthermore, I would enforce the concept of equity jurisdic-
tion within the common law. This practice is common in
countries such as the United States, Scotland, India, and Aus-
tralia, and it embeds the principles of equity within the codi-
fied law. For example, the Indian legal system allows courts
to “devise a new principle in a situation where the statute of
codified law [has] no answer to a given situation.”24 Similarly
within the Pakistani Constitution, equity is prioritized over
the codified law if the two clash, reflecting the legal maxim of
ubi jus ibi remedium (where there is a right there is a rem-
edy). The maxim, implied in Articles 184(3), 187, and 199 of
the 1973 Constitution, allows courts, through their writ ju-
risdiction, to give fundamental rights precedence when the
law is inadequate in order to have complete justice or remedy
an injustice.25 Therefore, combining equity jurisdiction with
common law in the constitution enhances the dispensation
of justice.

Common law and parliamentarianism go hand in hand with
the practice of judicial review, which acts as a check and bal-
ance on “the functioning of elected governments” in both
“constitutional matters” and other “domains of public life.”23

This mechanism allows the judicial branch–a neutral third
party and the “chief protectors of individual rights”5–to hold
other branches responsible by declaring administrative ac-
tions unlawful or unconstitutional. Although Rawls argues
that the issue of judicial review is largely dependent on a
country’s “historical circumstances and conditions of politi-
cal culture,”4 he mentions that some might argue against it
because to allow an unelected institution to make decisions
regarding the pursuit of fairness seems undemocratic. How-
ever, in certain cases, “independent judiciaries” are the most
suitable actors to pass “apt and credible resolutions” that up-
hold “fair equality of opportunity” as well as constitutional
essentials such as basic freedoms.4 The latter case is certainly
applicable in Pakistan, where judicial review is one of the
most vital checks and balances on legislation that might
restrict constitutional freedoms.

However, Rawls notes that the consequent pressure on the
judiciary to guarantee constitutional essentials may result in
the “over-extension of the judicial role.”4 This has manifested
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in the Pakistani judiciary through a number of instances
where the judiciary has overreached, citing its duty to protect
the citizens as justification for the unconstitutionality of its
acts. This has recently been seen in the Supreme Court’s judi-
cial activism, whereby it has utilized its ability to conduct
judicial review to interfere with what it considers matters of
“public importance” under the Constitution.26 This provision
in the Constitution allows for any petitioner or the Supreme
Court, suo motu, to move against any party in the event of a
violation of law. However, the apex court has fallen victim to
the urge to act as a “social reformer,”26 overusing its suo motu
jurisdiction to undermine democracy and the principle of
equity in more ways than one. It has done this by taking di-
rect action against private parties that were indeed acting
inequitably but were not breaking the law (such as private
schools charging exorbitant tuition).

Although the intention behind such actions has always been
honorable, it is undeniably unconstitutional, and sets a dan-
gerous precedent for future judicial actions, especially con-
sidering Pakistan’s history with interruptions in its fragile
democracy. The superior judiciary should have the power to
strike down unconstitutional laws or actions, and can direct
the legislature to pass certain laws to protect the polity, but
cannot be a legislative body in itself–it lacks both the exper-
tise to draft laws and the democratic principal-agent relation-
ship that legitimizes policies. Such actions also usurp other
citizens’ rights in a multitude of ways, producing further in-
equity – the implicated private parties are disadvantaged and
lack the fundamental right to petition against unjust laws in
the apex court, since the Supreme Court is in fact the party
that formulated the law.27 There is a fine line between pro-
moting justice and compromising democracy, and the latter
must never occur in pursuit of the former. Therefore, my
constitution would include the necessary safeguards to en-
sure that the superior judiciary exercises restraint in its deci-
sion-making and does not violate the separation of powers
between itself, the legislature, and the executive.

Beyond amending the constitution to include restrictions in
the process of judicial review, another way to guarantee the
separation of powers is by ensuring that the judiciary is both
politically and financially independent. The current constitu-
tion has no provisions for the latte. However in 1996, the
Supreme Court and provincial High Courts requested that
superior courts be given funds to re-appropriate “without the
approval of the Finance Ministry,” supported by Article
175(3) of the Constitution. which states that the judiciary
must be separate from the executive branch.28 Nevertheless,
it is unclear whether such provisions have been made in the
budget: as of 2012, the judiciary was still calling for financial
independence.29 Thus, I would amend the constitution to
make room for fiscal autonomy, freeing the judiciary of its
dependence on the executive branch, and thus enabling inde-
pendent and unbiased rulings.

Furthermore, the judiciary requires political insulation to
ensure that it dispenses justice impartially, uninfluenced by

political actors. This comes down to factors such as how
judges are appointed and whether their tenure is secure. Pak-
istan has a history of “arbitrary appointment, transfer, pro-
motion, and suspension of judges,”23 which damages the
independence of the judiciary considerably. Currently, Pak-
istan follows a career judiciary model whereby Supreme
Court justices have a permanent tenure of 65 years, which I
believe is reasonable. However, they are appointed by the
Judicial Commission, headed by the chief justice, and com-
posed of four other senior judges: a retired Supreme Court
judge, the federal minister for law and justice, the attorney
general, and a representative of the Pakistan Bar Council.30
This commission nominates judges proposed by the chief
justice and approved by the other members.31 The nominees
are then forwarded to the Parliamentary Committee, which
includes parliamentarians from both houses. The role of the
Parliamentary Committee, however, is almost redundant–it
must provide reasons for its disapproval of any appoint-
ments, and any dissent may be overruled by the Judicial
Commission in its review of the Parliamentary Committee’s
comments. This model of “aggressive judicial independence”
is an inversion of the historical power of the executive over
judicial appointments, and is just as damaging, because it
gives the chief justice a “monopoly” over judiciary appoint-
ments.31

To preserve both the independence of the judiciary and di-
lute the overwhelming power that the chief justice holds, I
would alter the constitution to create an independent judicial
council for the nomination of new judges, among other func-
tions (such as court administration, training, performance
evaluation, overseeing ethics, etc.). This calls for both judicial
representation to ensure independence and broad member-
ship, as a check-and-balance. Therefore, the council would
not include any political actors–only senior judges and mem-
bers of the independent legal profession, civil society,
academia, and other nonpracticing jurists.32 Members of the
council must be competent and diverse in terms of ethnicity,
religion, profession, and gender.33 In addition, all members
must have an equal say in the nominations, which should
also meet a set of equitable criteria (such as that of New Zea-
land’s). Provisions for both a diverse, independent committee
and a diverse bench will prevent the overrepresentation of a
dominant or privileged group in the judiciary, which might
otherwise compromise “the neutrality of the judiciary” in
matters concerning the less privileged.33

The judicial council’s nominees may then be forwarded to the
president for approval. Allowing a neutral head of state to
make the final appointments would act as a sufficient check
and balance on the power of the committee and strengthen
the democratic legitimacy of the judiciary.33 To further this
end, I would also suggest televised interviews of the candi-
dates, which should be one of the many constitutional provi-
sions that ensure the transparency of the process.
Furthermore, the judicial council’s activities and decisions,
its future projects, and any obstacles encountered would also
be documented online. Currently minutes of the Judicial

Commission’s meetings are not published, and the appoint-
ment process is “shrouded in mystery.”30 To establish a fair
process, however, Baig argues correctly that the judiciary
should maintain the same “standards of transparency and
objectivity that it holds every other institution accountable
to,”30 which would only strengthen the institution and allow
for more equitable decisions to take place.

Conclusion
Justice has a widespread reach, as it must be the driving force
behind every branch of government. However, a sense of
justice must also be reflected in each citizen in order for a
state to reach its full potential. The provisions made in my
redesign of the Pakistani constitution’s basic institutional
choices aim to fulfill both Rawls’s first and second principles
of justice–the equality of constitutional essentials and the
arrangement of inequalities – so everyone is at an advantage
and has the opportunity to succeed. When these principles
are reflected in the basic institutional structures of the state,
one might expect that they will be mirrored throughout pol-
itics, economics, and the wider society.
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Introduction
Felipe Guaman Poma de Ayala wrote El primer nueva coronica
y buen gobierno during the early years of seventeenth-century
Spanish colonial rule in what is now Peru. He writes to his
Spanish audience and King as an “umilde bazallo,” humble
vassal, seeming to embrace Spanish political structure.¹ Gua-
man Poma distances himself from his indigenous identity and
the “yndios”--Indians--he describes by identifying himself as
a Christian chronicler, going so far as to address his work to
the pope in addition to the King. His text is reminiscent of a
colonized subject, but when interrogated through a postcolo-
nial lens, I question whether his subjective representation of
indigenous history, Inkan² rule, and colonial history reflect the
“dominant values and oppressive belief systems” of Spanish
colonial society.³

The text contributes to a mythic view of an indigenous-Amer-
ican “Other” by producing a chronicle for consumption by a
Spanish audience. Like other scholars, I view Guaman Poma’s
Christian identity as a key influence on the text. I suggest that
this identity allows him to write a subaltern history of colo-
nization as it is happening. However, applying postcolonial
theory to works created in the midst of the colonization
process is not anachronistic. As Lois Tyson explains, “because
colonialist and anti-colonialist ideologies can be present in any
literary text, a work doesn’t have to be categorized as postcolo-
nial for us to be able to use postcolonial criticism to analyze
it.”⁴When used as a tool for distilling “colonialist and anticolo-
nialist ideologies,” postcolonial theory helps approach the text
as a repository for the dynamic context in which it was written.

The most basic scholarly position towards the text is that it is
not pro-colonial, but there is no consensus on the extent Gua-
man Poma presents an anti-colonial perspective. Was he op-
portunistic--seeking power in the new colonial world order?
Anti-Spanish? Pro-Inka? The scholarly debate approaches a
question of degree: just how radical was Guaman Poma’s cri-
tique?

An application of postcolonial theory helps answer this ques-
tion. Like other writers of postcolonial works that resist con-
tinuing imperial influences, Guaman Poma resists the nascent
imposition of colonial Spanish rule. Both postcolonial authors
and Guaman Poma write of the colonized--of marginalized
voices, of their histories, of their struggles--but Guaman Poma
differs because postcolonial authors react to their past while
Poma reacts to his present. In light of this disjunction, I distin-
guish my postcolonial analysis fromGuaman Poma’s “precolo-

nialist” critique. Guaman Poma’s text provides evidence that
he did not succumb to the dominating influence of colonial
Spanish rule in Peru. Rather, his appropriation of Spanish
form and customs allows him to exercise agency and resis-
tance in the face of invading cultural and political Spanish
forces, going so far as to hint at Andean superiority.

Background, Theory & Author
In the liminal space between the indigenous Andean subal-
tern, and educated colonial elite, Guaman Poma writes The
First New Chronicle and Good Government. Postcolonial the-
ory’s emphasis on themes of identity, resistance, and heritage
deepen my analysis of the text, its author, and its context to
better understand the complex pre-colonial critique Guaman
Poma presents.

As an artifact, the chronicle is a manuscript housed at the
Royal Danish Library in Copenhagen. According to Rolena
Adorno, the nearly 1200-page document “differed from the
usual requests for recompense and royal recognition written to
the Spanish monarch by conquistadores⁵ and caciques⁶” with
nearly 400 illustrations that “pictured Andeans as they had
lived under Inca rule and as they were currently conforming to
the demands of Spanish colonialism.”⁷ After a period of unno-
ticed disappearance, the manuscript was rediscovered in 1908
and is now a canonical text for those studying Latin American
history and literature.

The Inkan customs described in the document reflect the eth-
nic heritage of Guaman Poma since he was a fully indigenous
man himself. His pre-colonial critique of Spanish dominance
is grounded in this ethnic identity and the experience of living
in an increasingly culturally-hybrid environment. I use “subal-
tern” to describe his marginalized position as an indigenous
man, a term that Gayatri Spivak says is “defined as a difference
from the elite.”⁸ For Guaman Poma, the elite were the powerful
Spanish colonists that were asserting control across Latin
America.

Though I use “subaltern” as an apt description of the author’s
position, I question Spivak’s final conclusion to her essay “Can
the Subaltern Speak?” – that the subaltern cannot speak.⁹ Gua-
man Poma indeed spoke. The paradox of a speaking subaltern
raises some interesting questions about Guaman Poma’s iden-
tity. Perhaps “subaltern” is not an apt way to describe his posi-
tion. The text is written in Spanish, it follows a standard pat-
tern for European books, and Guaman Poma presents himself
wearing Spanish dress in his self-portrait.¹⁰ According to
Tyson’s description of colonials, “individuals tried to imitate
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their colonizers, as much as possible in dress, speech, behavior
and lifestyle,”¹¹ suggesting that Guaman Poma was an accul-
turated colonial subject. Applied to the cursory summary
above, this description displays remarkable congruency: with
his appropriation of Spanish sumptuary custom, Spanish lan-
guage, and even Spanish book formats, Guaman Poma seems
like a colonial subject, someone who tries as hard as possible
to be similar, not different, to the colonizer.

That Guaman Poma was educated by a mestizo priest, used his
colonizers’ language, and appropriated Spanish dress does not
negate or otherwise marginalize his ethnic identity, however.
Labeling him as a colonial subject presumes that simultaneous
education in the indigenous tradition did not take place or was
overshadowed by Spanish influence. Yet, he recalls Andean
history and iconography, details Inkan societal custom, and
writes 1,189 pages to correct and add to the histories that had
already been created by Spanish chroniclers. His heritage and
the content he describes place Guaman Poma squarely within
the designation of indigenous subaltern.

Colonial influence on Guaman Poma’s identity is normal and
does not indicate that he betrays subaltern interests in his text.
The expectation that a subaltern subject will remain un-
changed in the face of social, political, and cultural upheaval is
unrealistic. Spivak’s famous claim that the subaltern cannot
speak implies that appropriating the dominant power’s
method of communication distances them from their mar-
ginal identity; thus, when they speak, their voice no longer
reflects that of a subaltern. I reject this expectation as impossi-
ble and would even go so far as to say that the idea that a “true”
member of the subaltern cannot speak contributes to essen-
tializing discourse. Appropriating the dominant power’s
method of communication does not result in losing a subal-
tern identity. To argue this suggests the subaltern is an essen-
tial group that is predicated upon their unchanged difference
in the face of a dynamic power context. This is not accurate.
For Guaman Poma, becoming literate in both the custom and
the language of his oppressors allowed him to write a critique
that would be intelligible to his Spanish audience and express
resistance without drawing unwanted colonial punishment to
himself as an indigenous person expressing dissent to Spanish
dominance.

One could argue that without the Spanish invasion of Latin
America, this text would never have been written. Put this way,
the logic suggests that a profound Spanish influence com-
pletely permeates an indigenous man’s scholastic production,
making its entire existence the result of colonial imposition. At
the same time, this text would not have been written if Gua-
man Poma had not felt the need to resist. The impetus for this
chronicle was not acceptance of Spanish imperialism, but
rather, a rejection of how Andean history was narrated by
Spanish chroniclers.

The corrective aspects of Guaman Poma’s text confront a con-
structed image of the “savage Indian that needs saving.” To bet-
ter understand this aspect of resistance, I turn to Edward Said’s
analysis of the notion of the “Orient” - it applies equally well to

the “Occident.” Speaking of how the construction of the Orient
is justified, Said argues, “The exteriority of the representation
is always governed by some version of the truism that if the
Orient could represent itself, it would; since it cannot, the
representation does the job, for the West…and for the poor
Orient.”¹² Guaman Poma rejects the Hispano-centric, Span-
ish-authored history of the Americas that “does the job.” The
“poor Occident” is nowhere to be found in his powerfully
voiced text.

Said posits “the Oriental” as a creation that “in a sense obliter-
ate[s] him as a human being.”¹³ In Peru, a stereotyped view
obliterated complex Andean history and a diversity of Andean
experience across time and within generations. The entirety of
the tenth chapter, “El capítulo de la visita general o censo,”¹⁴
details divisions in age and gender in pre-colonial Inkan soci-
ety. Guaman Poma’s loquacious elaboration on Inkan society--
in this chapter and elsewhere--brings the flattened category of
an all-encompassing “yndio” back into relief, humanizing his
people and their society.

He describes that “Dies calles de yndios para ocupar en traua-
jos por que no fuesen ociosos y holgasanes en este rreyno,
porque de otra manera no pudíera sustentarse ellos ni los
demás prencipales y señores y la magestad del Ynga y su
gouierno.”¹⁵ All these “yndios” worked in the service of the
Sapa Inka, but their responsibilities and expectations were di-
verse, as he describes and illustrates in the following 40 pages.
His chronicle populates the “New World” with complex in-
digenous peoples that were not barbarians, but part of a flour-
ishing indigenous tradition.

Identity of Guaman Poma
In postcolonial analysis, the identity of the author makes a sig-
nificant difference when interpreting the text. This “precolo-
nial” critique comes from a place where colonial identity is
emerging, making the discussion of Guaman Poma’s identity
even more relevant. The name “Felipe Guaman Poma de Ay-
ala” suggests mixed heritage. The compound last name con-
jures Spanish ancestry while “Guaman Poma” presents the
Castilian reader with an exotic “New World” name. In reality,
“Guaman Poma was a full-blooded native, not a mestizo.”¹⁶
His ethnic identity proved to be challenging during the au-
thor’s lifetime, causing “una gran frustración frente a la ingrat-
itud de las autoridades coloniales que no reconocen ‘[t]reinta
años estando sirviendo a su Magestad’.”¹⁷ The frustration that
Rubec brings up expresses how Guaman Poma was limited by
his identity,which solidifies his place within a subaltern that is
different from the elite.¹⁸

Despite not being ethnically mestizo, Guaman Poma’s actions
suggest a cultural mestizaje. He repeatedly insists on his de-
vout Christian identity, suggesting he knew “the suspicion
with which ethnic Andeans’ conversion to Christianity was
held.”¹⁹ This explanation implicitly suggests that he knew how
his ethnic identity was perceived and countered that with the
better-received Christian one. Yet the author’s Christian faith
does not necessarily imply acceptance, or even closeness, with

Spanish culture. Adorno describes him as “vehemently anti-
clerical in his general criticism.”²⁰ Adorno’s comments point
out the implicit difference between faith and institution: Gua-
man Poma was Christian but rejected the Spanish-imposed
clerical system.

Performative belief in the religion for his own advancement
within the colonial system may have shown Guaman Poma to
be an opportunistic colonial subject, but his actions as a trans-
lator suggest that his faith was genuine. He “refers with pride
to his work as interpreter for the church inspector” which al-
lowed him to help the religion reach others.²¹ Had he wanted
to limit its intrusion into the Andean region, he could have
refused to translate. Instead, he makes the faith accessible to
other indigenous people in their own language. This act helps
separate Christianity from its Spanish-colonial introduction.

In work and politics, Guaman Poma’s actions contest the abso-
lute domination of the Spanish. He pursues power by seeking
work within the colonial structure, “reflect[ing] the attitudes
and actions of the Andean provincial elite” who “responded
eagerly to the chance to seek offices and privileges in the colo-
nial system.”²² To do so, he readily appropriated the Spanish
language. This put him in the category of “ladino, es decir que
ha aprendido la lengua castellana y que se ha servido del bil-
ingüismo durante su vida para asistir a las autoridades colo-
niales.”²³ Even his service as a translator was not enough to
give him social mobility; “no significa que haya ganado el re-
speto de los colonizadores.”²⁴ Even though he tried to integrate
himself into the Spanish colonial structure, his ethnic indi-
geneity--not his cultural practice of Spanish and Catholicism--
defined him in the eyes of Spanish colonizers.

In “La deconstrucción de las culturas originales en una so-
ciedad colonial híbrida,” Rubec argues that when Spanish and
indigenous cultures confronted each other in the Andean re-
gion,it resulted in the mutual destruction of both original cul-
tures and the construction of a hybrid colonial society.²⁵
Rubec’s stance would explain Guaman Poma’s opportunism as
an example of the hybrid colonial culture. Yet Guaman Poma’s
work with the Spanish colonial government is not evidence of
his loss of ethnic indigenous roots; he is simply working under
the conditions he is faced with and addressing his text to the
colonial powers that had control. Guaman Poma’s text may
reflect hybridity, but it cannot be used to posit as Rubec does,
since that hybridity fundamentally changes the original cul-
tures.

Perhaps Spanish language and culture was an imposition at
first, but Guaman Poma adopted and used it for his own pur-
poses. In a text as complex as the author’s own identity, the
author presents a subtle and incisive critique of the colonial
context that formed him. His colonially influenced education
makes his resistance intelligible to the Spanish audience he
addresses, but his complex lived experience as an indigenous
colonial subject means the text is far more than a reflection of
indoctrinated Spanish values.

Reflection or Rejection?
A text as complex as Guaman Poma’s shows that strict separa-
tion between subaltern and dominant power oversimplifies
the identity and lived experience of the subaltern.The text cer-
tainly reflects Spanish influence, starting from its most funda-
mental form as a Spanish-language book. Postcolonial analysis
reveals that some of these reflections of Spanish colonial impo-
sition can be understood as rejections of colonial control be-
cause they allow Guaman Poma’s indigenous voice to enter
and correct the narrative of Andean history.

TheManuscript: Form, Language, and Audience

The manuscript itself “followed the practices of typeset books
in every detail.”²⁶ Guaman Poma’s knowledge of this form sug-
gests that he was “an avid reader and consumer of all forms of
colonial discourse,”²⁷ which extends to literary tropes as well.
There was no indigenous equivalent form he could have used
for the creation of this book. At the time, indigenous traditions
were oral, or at most mnemonic, using quipus.The text reflects
Spanish literature because textual indigenous influences would
have been uncommon at best. For the critique to be intelligi-
ble, this had to be the form.

Spanish colonial influence in Guaman Poma’s narrative cannot
be overstated when one considers that Spanish is not Guaman
Poma’s native language. However, this Spanish colonial impo-
sition is what allowed him to spea-k out. To the modern
reader, there is some irregularity in punctuation, accentuation,
and spelling in the narration. For example, even the title, “El
primer nueva corónica,” diverges from Spanish grammatical
convention. To conform to gender agreement and standard-
ized spelling, the title would be corrected as “La primera nueva
crónica.” These errors, however, are not evidence of incompe-
tency; rather, they reflect the irregularity of spelling and callig-
raphy during the era in which the text was written.

Guaman Poma’s fluency in Spanish allowed him to serve the
colonial government. What he wrote after this service was,
perhaps, a response to the injustices he saw. Rubec’s discussion
of the implications of writing the document in Spanish is
worth quoting in full:

“Guaman Poma se da cuenta de que para que su queja sea
legítima ante el rey debe ser comunicada mediante la
escritura. Es importante notar que ello no significa que el
sujeto no reconozca también el valor de las tradiciones orales
andinas y de sus códigos simbólicos que incluyen quipus y
tocapus. El hecho de que los contiene en su crónica,
paralelamente y yuxtapuestos a la escritura, implica que los
considera muy importantes y relevantes a su cultura
peruana.”²⁸

Her point that using the Spanish language legitimized Gua-
man Poma’s complaint in the eyes of the king reflects my own
argument: by appropriating Spanish culture, Guaman Poma
made his critique intelligible to his Spanish audience. Rubec is
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right to anticipate the accusation that Guaman Poma sidelines
Andean oral tradition by using the written word to express
himself. However, Andean oral tradition would not have
sufficed as a medium to express resistance to colonization. As
a pre-colonial criticism, Guaman Poma focussed on ensuring
that the colonial forces he was reacting to could understand his
criticism, so he wrote in Spanish.

Nevertheless, a reader could never forget that Guaman Poma
is an indigenous author. From the very beginning of the text,
he recognizes “relaciones de muchas lenguaxes ajuntando con
la lengua de la castellana y quichiua ynga, aymara, poquina
colla, canche, cana, charca, chinchaysuyo, andesuyo, collasuyo,
condesuyo, todos los bocablos de yndios”²⁹ as his sources, and
continues to use words in Quechua throughout the text. Tyson
explains that postcolonial literature in an author’s local lan-
guage emerges “in order to reject colonialist ideology and em-
brace… precolonial cultures.”³⁰ In Guaman Poma’s text, resist-
ing the dominance of Spanish takes the form of including
words in these languages, something he does at least as often
as he references the Catholic faith. Yet, when the majority of
the text is written in Spanish, can it be a text of resistance?
Tyson explains further: “English, as a world language, facili-
tates the emergence of those nations into global politics and
economics.”³¹ In a similar way, by writing in Spanish, Guaman
Poma ensured that his narration--and more importantly, his
critique--had a chance of coming to prominence in colonial
politics.

The text’s audience, explicitly the Spanish king and Catholic
pope, reflects the power of Spanish influence. Guaman Poma’s
emphasis on his “service to the colonial administration” sup-
ports his claim to “the right to address the king.”³² He does so
by identifying himself as an “umilde bazallo”³³ -of both the
king and pope.³⁴ His text “works within the imperial context”
by acknowledging “the intimate correlation between historio-
graphic poetics and imperial politics…to insert his chronicle
into an ongoing debate about these issues.”³⁵

These observations could be twisted to describe the text as
indoctrinated into the power structure of Spain. However, the
author’s self-identification as a humble vassal presents himself
to Spanish readers as non-threatening. By presenting his cri-
tique to the king and pope as a subservient vassal, Guaman
Poma avoids accusations of fomenting rebellion while still
presenting a fairly radical critique of colonial impositions on
the Andean people.

Christian-AndeanMythology

Beyond just using the Spanish language, Guaman Poma uses
biblical Christian references to ensure his text is culturally
intelligible to his audience. He demonstrates his religious liter-
acy as a way to legitimize his text in the discourse of its time,
advance his precolonial critique, and protect himself as the
author. He seeks respect by justifying the “God-given” right of
indigenous people to the territory Spain is trying to conquer.
The creation story he presents in the section titled “La primera
edad de los indios, Vari Vira Cocha Runa”³⁶ incorporates ele-

ments of the book of Genesis within an Andean context. Other
elements are used anachronistically to align with elements of
Andean history. For example, the story of Noah and his ark is
used to explain how people in Latin America arrived an ocean
away from the Spanish.³⁷ The great flood of that story links
with a great flood of indigenous memory, “unu yacu pacha-
cuti.”³⁸ By using this story, he establishes the legitimacy of the
indigenous people’s inhabitance of the land on a Christian ba-
sis.

Guaman Poma’s mixing of Christian and Andean myth and
symbolism shows a deeper desire to see Christianity as a spiri-
tual inheritance that is shared with, but not dominated by, the
Spanish. In the seventh drawing of the manuscript,³⁹ Adam
and Eve appear on a background with mountains, perhaps
condors, and most importantly, with both the sun and the
moon.⁴⁰ The sun and its relationship to the man below hear-
kens to Andean ontology that connects Inti, the sun god, with
masculinity. Though the image explicitly invokes Christian
myth, it implicitly joins this myth to extant Andean ontology.
This early reference to Christian creation myth helps Guaman
Poma demonstrate his religious literacy to his Hispanic audi-
ence early on.

The early inhabitants of Guaman Poma’s homeland “se en-
traron en este rreyno de las Yndias por mandado de Dios.”⁴¹ He
invokes the name and the will of God as a way to explicitly jus-
tify indigenous presence, and then recalls Genesis to describe
the land of Latin America, where God had chosen to settle
these people. Like the Garden of Eden, the land was already
inhabited by creatures: “En esta tierra primero uiuían serpi-
entes amaro; saluages, acha runa uchuc ullco; ticres, otorongo;
duendes, hapi nuno; poma, león; atoc, sorra; hozos, ucumari;
luychoy, venados.”⁴² Some creatures he lists are important
symbols in Andean iconography, for example, the otorongo, or
jaguar.⁴³ Others, like the forest men,⁴⁴ zacha runa, and a foun-
tain, uchuc ullco, which emerged from rocks reflect Andean
cosmology. The fountain, something a Western audience
would view as a non-living object, is listed among the Andean
Eden’s creatures because it would have been seen as an agen-
tive being within the landscape by an indigenous person, often
called a huaca.⁴⁵ Guaman Poma’s inclusion of this symbol,
even one that could be considered “heathen,” shows that bibli-
cal elements do not appear in the narration at the cost of in-
digenous ones.

In El primer nueva coronica,Catholic myth legitimizes Andean
myth, making it intelligible for a Spanish audience, and con-
nects the heathen “other” to a shared Christian ancestry. Gua-
man Poma connects indigenous people with the story of Adam
and Eve through his depiction of the Eden-like land they in-
habited, making an implicit comparison of their shared
naïveté. Like Adam and Eve, the indigenous people “fell” from
faith: “Esta gente Uari Uira Cocha Runa perdieron la fe y es-
peransa de Dios y la letra y mandamiento, de todo
perdieron.”⁴⁶ Yet, in the pages that follow, Guaman Poma de-
scribes how they retained faith in a creator and followed
Christian morals, though they forgot the Christian names.

Guaman Poma’s suggests that the Spanish simply reintroduced
Christian names for an inclination that his ancestors had re-
tained unconsciously, implicitly – the tone even suggests natu-
rally. In the “second age of the Indians,” Guaman Poma de-
scribes their implicit belief in the Christian trinity, which used
Quechua names.⁴⁷ In the third age, he states indigenous law
and order and the virginity of women was emphasized.⁴⁸ He
suggests similarity between indigenous beliefs and Christian
beliefs, highlighting that the early Andeans did not need to be
taught to believe and act the way Christians should.⁴⁹ After
each description of an “age of the Indians,” he addresses his
“cristianos letores,”⁵⁰ encouraging them to reflect on their own
behavior in light of the Andeans’ purity.⁵¹

Whether or not the parallels are an exaggeration, by using
them, Guaman Poma is clearly trying to convince his Chris-
tian readers of indigenous people’s divine right to the land and
of their purity. His use of Christian myth explains indigenous
history to them in a way that they can understand. Rather than
revealing himself as a colonial subject, Guaman Poma’s usage
of Christian myth shows his attempt to culturally translate
and describe indigenous history in a way that is intelligible for
those of a different culture.

The self-professed Christian who includes biblical references,
directly addresses the Pope, and the various “Prologues to the
Christian Reader,” suggests radical acceptance of colonial im-
position. Postcolonial analysis shows the opposite: Guaman
Poma’s chronicle uses Christian discourse to elevate the posi-
tion of Andean natives, advocating for better treatment by
showing they are deserving of Christian treatment. As he
delinks Christianity from Spanish dominance, Guaman Poma
sets up the chronicle to criticize Spanish colonialism as an im-
moral influence.

Correction and Superiority

The overt Christian influence in El primer nueva corónica is
not a clear concession to Spanish influence. Under scrutiny,
the Christian rhetoric is a way for Guaman Poma to correct the
depiction of a dehumanized indigenous population and to
legitimize them in the eyes of a Spanish, Christian audience.
Though the text does reflect Spanish influence, it is not at the
cost of Guaman Poma’s critique. At its core, the chronicle is a
correction to Spanish narratives.

Ralph Bauer looks to the title’s “respective qualifiers – ‘nueva
corónica’ (new chronicle) and ‘buen gobierno’ (good govern-
ment) – [to] indicate that Guaman Poma was acutely aware of
the intimate correlation between historiographic poetics and
imperial politics and that he meant to insert his chronicle into
an ongoing debate about these issues.”⁵² Why was there a need
for a “new” chronicle or explanation of “good” government?
Bauer’s research suggests it was because Guaman Poma was
dissatisfied with how indigenous people were presented.

In the chronicle, Guaman Poma does criticize indigenous
Inkans, but not for being uncivilized. He valorizes the law and
order of indigenous society in the text, leaving his critique for
their apparent “loss” of Christian faith. Idolatry was one way

for Spanish-authored literature to belittle indigenous An-
deans, but Guaman Poma claimed it was not endemic to the
Inka: “el primer Ynga, Tocay Capac, no tubo ýdolo ni serimo-
nias; fue linpio de eso hasta que comensó a rreynar su madre y
muger de Mango Capac Ynga y su casta.”⁵³ Andean heritage
includes purity from false idols, just as it includes sinfulness.
The appearance of a serpent at least once reminds a Spanish
reader of the wicked snake of Genesis, insinuating a similarity
between indigenous “sinfulness” and the sinful biblical her-
itage the Spaniards claimed.

Guaman Poma humanizes indigenous people who, for the
Spanish, would have been heathen idolaters. Addressing “¡O
perdido Ynga!”⁵⁴ could suggest the Inka were “lost,” as in
hopeless. Read with a reminder of his earlier commentary that
the Inkas’ ancestors arrived on the land “por mandado de
Dios”,⁵⁵ the phrase takes on a different tone: That the Inka are
misguided, led astray, lost souls – lost lambs. An address like
this frees the Inka from Spanish portrayal as savage heathens.
Regardless of whether the author thought the Inka should
convert, the direct impact of an address like this was to change
how non-Christians were perceived by a Spanish audience. As
a precolonial critique, the text addresses current reality.

Later, Guaman Poma readdresses sinfulness, specifically that
of Eve, once again correcting Spanish perception. After spend-
ing a whole chapter describing powerful women of Inkan her-
itage, he addresses the story of Eve and the apple. Implicitly, he
addresses the Spanish view of women as impure and sinful. He
concludes his acknowledgement of the myth by saying, “Todo
ello es cosa de burla y mentira. Deja todo y tene devoción.”⁵⁶
The comment suggests that women need only pray to be given
respect. The unstated follow up is that the sinfulness of one’s
ancestors does not prevent a group – women or indigenous
people – from being moral now. Once again, the Christian
rhetoric serves as a subtle way to suggest respect for the indige-
nous people.

Other parts of Guaman Poma’s text are not so subtle. For
example, when “he proceeds to argue that ‘no hubo con-
quista,’”⁵⁷ he rejects their treatment “under the law as if they
had been vanquished inimicus of Spain.”⁵⁸ The comments Sara
Castro-Klarén refers to reject the idea of indigenous inferiority
without identifying them as Christian or not. By saying there
was no conquest, Guaman Poma is calling for treatment as
equals. The Spaniard’s treatment of indigenous Andeans as
inferior is wrong because, as discussed earlier, the Andeans
have a God-given right to inhabit the land.

Not only does he claim there was no conquest, Guaman Poma
also suggests that Spanish invasion tarnished a morally and
socially superior culture. Describing the populations of An-
dean society, the author writes of how “Cada uno los que
podían trauajar y ayudar, los que tenían ojos seruían de mirar,
los que tenían pies andauan.”⁵⁹ Unlike in Spanish society, dis-
abled Inkans contribute to the common good. He concludes “y
ancí no auía menester hospital ni limosna con esta horden
santa y policía desta puede tenella por más cristiano muy
buen.”⁶⁰ The implication here is that the Inka were better able
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to provide for their society, as seen by how they humanely help
the disadvantaged people of their communities. It includes the
value judgement of “horden santa,” which, again, supports the
idea of an innocent indigenous population naturally aligned
with the values of the Catholic Church and, moreover, func-
tioning more morally and efficiently than Spanish society
given the same conditions.

At one point, Guaman Poma criticizes invading Spanish
Christians bluntly. He claims, “Todo lo malo adulterio y otros
pecados mortales trajo concigo los dichos cristianos.”⁶¹ His
writing could not be clearer: it is the Spaniards who damaged
Andean society by bringing adultery and sin. “Todo lo malo”
was brought by the Spanish Christians. In a text that has such
outward respect for Christianity, this insult is evenmore acute.
Here more than ever the chronicle takes the offensive. Beyond
reframing how indigenous Andeans are represented, Guaman
Poma takes control over the representation of invading
Spaniards as well.

Conclusion
Guaman Poma should never have been forced to use Chris-
tianity to humanize the indigenous Andean people. However,
reading El primer nueva corónica through a postcolonial lens,
reveals that the text actually subverts its apparent Spanish cul-
tural influences. As a precolonial critique, the text had to be
permissible, not rebellious, in order to avoid colonizers using
it as a reason to further subjugate the indigenous population.
Presenting the critique from a subaltern position within the
Spanish imperial system, Guaman Poma appropriates colonial
influences to avoid Spanish censure. His success in doing so is
what has protected this outstanding testament of the complex
lived experience of colonial Peru.

Shrewdly presenting himself as an ideal colonial subject, Gua-
man Pomawrote a textual document in Spanish and addressed
it to the Spanish king and the pope. He then proceeds to use
this learned language, form, and religion to craft a critique that
undermines Spanish representation of indigenous people and
of the colonists themselves. Each word that he writes is an act
of resistance because he has subverted the imposition of their
language onto his culture to serve as a tool for his critique.

On the surface, Guaman Poma’s chronicle is concerned with
Christian salvation and subservience to the ultimate Spanish
authorities. His text repeatedly uses Christian rhetoric and
imagery, but these influences are what makes his critique intel-
ligible to his Christian audience. He draws parallels between
Christian and Andean myth to show that indigenous history,
belief, and culture deserve the respect of Spanish colonizers.
He acknowledges Spanish chronicles only to refute their narra-
tives and correct them with his own new chronicle. El primer
nueva corónica may have contributed to a mythic view of an
indigenous-American “Other,” but it is not the same “Other”
that the Spanish chronicles presented.

Guaman Poma’s critique worked within the bounds of his
colonial environment to craft an alternate version of Andean
history as it was happening. His indigenous “Other” is deserv-

ing of Christian treatment, and the Spanish invaders are not.
Its indigenous myth and imagery, inclusion of local language,
corrective tone, and even assertion of superiority, anticipate
key features of post-colonial literature. More importantly, they
serve as part of a precolonial defense. Guaman Poma’s chroni-
cle does not recover lost indigenous culture, rather, it attempts
to assure that colonization will not extinguish it.
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Abstract
Social media has become as influential as traditional mass
media such as television and magazines. Traditionally, social
media has championed diversity and inclusion by promoting
the representation of marginalized people who are plus size,
differently abled, or black. Despite this, do these platforms
still perpetuate the harm of their media predecessors? While
much good has been done in this realm, there are some
practices based on real-life racial tensions that manifest on
digital platforms. Some examples that will be discussed in-
clude the commodification of Others, the lack of representa-
tion of all black hair types, and the promotion of diverse
black women on Instagram. This paper will explore beauty
trends on social media and whether these changes are inclu-
sive or harmful by examining black beauty liberationist pages
through the Afrocentric and looking glass self theories.

Background
Social media has ushered in a new feminine beauty ideal that
includes a curvaceous body, plump lips, long hair and nails,
a flat stomach, and poreless, acne-free skin, which can in-
clude darker skin. This is known as a “slim thick” or “Insta-
gram baddie” look. This image includes components from
the “stereotypical black woman” who has been historically
hypersexualized for her curves and voluptuous lips. Another
component to this aesthetic is the digital aspect: perfect, pim-
ple-free, and smooth skin, which can only truly be obtained
through digital editing. The specificities of this image seem
to stray from a pure European standard, but maintain it
nonetheless through long hair and the host of a white body.
This look only became a trend when white women came to
think of it as “cool.” According to Tracey Owens Patton, a
professor in African American Studies, this is an example of
commodification of minority groups,

through Whites setting the beauty norms then cov-
eting aspects of authorized beauty, while at the same
time rejecting Other, we find that many White
women are incorporating Black beauty standards
into their regime. For example, injecting collagen
into their lips to get the full effect that African
American women have naturally, tanning in order
to achieve the natural brown skin of African Amer-
icans, and padding of the derriere in order to have a
fuller backside. (Patton 2006, 44)

The Media’s effect on Beauty Standards
In fact, celebrity sisters Kim Kardashian and Kylie Jenner
popularized aspects of this aesthetic, which is indicated by

the “Kylie Jenner Lip Challenge,” where participants use var-
ious methods to plump up their lips to match the celebrity’s
look. Kylie has also profited off of this appearance through
the creation of a successful makeup line marketed towards
women that want to imitate her look. The features that these
sisters have popularized are believed to be natural to black
women. Some black women have reported being made fun of
for having these features, and it is also historically docu-
mented that these women have been hypersexualized for
their look.

Kardashian has also been a culprit of culturally appropriating
Fulani braids (a traditional hairstyle that black women wear
for hair growth). Cultural appropriation is the practice of
taking components of another culture, usually from a minor-
ity group, and making it “trendy”. This includes taking credit
for features or hairstyles which makes the real creators—who
are usually members of minority groups—invisible as they
are not getting credit for what they have been cultivating.
Like making a hairstyle or an article of clothing mainstream,
it is now possible to make specific bodily traits that women
of color have naturally trendy through plastic surgery and
injections. These anatomical features are embedded in this
new beauty ideal. While this new face and body seems inclu-
sive because by incorporating pieces of multiple cultures to
make the “perfect woman,”it raises problems that journalists
are exploring.

This idea is explored in Jia Tolentino’s article in The New
Yorker called “The Age of the Instagram Face.” The article is
about the beauty trend on social media to strive for perfec-
tion and how it has led more people than ever before to aug-
ment themselves. Tolentino interviewed plastic surgeons
who revealed that women of all races and ethnicities have
requested to look like the Kardashians. Tolentino touched on
the algorithmic perspective of how social media promotes
these beauty ideals with filter functionality. Instagram and
Snapchat both have filter features that change the way the
user looks in various ways, such as erasing pores and making
lips bigger or maintaining the Eurocentric standard of a slim-
mer nose, lighter skin, and enhanced eye color. These filters
are intended to make the users “more beautiful,” which rein-
forces certain beauty ideals. Tolentino claims that white
women are the ones that can achieve this “exotic” look. The
look is described as,“an overly tan skin tone, a South Asian
influence with the brows and eye shape, an African-Ameri-
can influence with the lips, a Caucasian influence with the
nose, [and] a cheek structure that is predominantly Native
American and Middle Eastern” (Tolentino 2019). Technically
this is an inclusive face, in which a piece of every type of
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person is mixed into the beauty standard, creating this race-
less, ambiguous look.

Even though this new beauty ideal takes the “best of us” into
one ideal face, it exemplifies implicit appropriation because
there are only a few people that can accomplish this look. For
example, it is relatively easier for lighter skin people to feign
a mixed, ambiguous look. Moreover, they are able to capital-
ize off of the look by obtaining sponsorship deals from com-
panies to advertise products over women that have these
features naturally; this harmful practice is known as black-
fishing. Furthermore, the message that is being conveyed is
that there exists a “worst of us.” This means that black fea-
tures that are absent from this look are not desirable, such as
darker shades of brown skin, broad noses, and kinky hair.
This essentially excludes the black woman that has big lips,
but also has a big nose and short kinky hair, from profiting
off of this new ideal because her other features are not as
conventionally desirable as her lips. It is important to note
that this trend follows the nature of Instagram, which is used
only to post and expose the best moments, sides, and pictures
of oneself. This trend maintains remnants of Eurocentricity
due to the avoidance of having skin that is considered “too
dark.” The tanned skin color of women who go for this look
is usually seen on biracial people or light skinned black peo-
ple. This look is neither purely Eurocentric or Afrocentric;
instead it tries to achieve ambiguity or to look biracial. Re-
gardless, it still is not achievable by all races of women, and
white women tend to profit from and are seen as the trend-
setters of this look.

Black Instagram, specifically some popular natural hair ap-
preciation accounts that promote black women wearing their
natural hair, also engages in this cherry-picking behavior.
This representation is important because it was most com-
mon to see black women with relaxed hair, straight wigs, or
braids in traditional media like television and magazines.
Now, the masses have the ability to control their own repre-
sentation through Instagram. Around the 2010s, black
women started to learn about their hair and embrace it more.
However, I have noticed that the least popular hair type on
social media is kinky hair, especially when it is short in
length. This is validated by the research Paulette Parris dis-
cusses in her paper which dissects the images under natural
hair hashtags on Instagram:

However, it should be noted that the most frequent
curl pattern was 3C which is generally associated
with Black women who possess a lighter complex-
ion...The data collected from Instagram revealed di-
verse hairstyles, where many of the images that re-
ceived the most likes were for a looser curl pattern,
revealing that while the OC [online community] is
accepting of different hair types, it lacks representa-
tion of all types (Parris 2020, 59).

Due to the lack of representation, those with short kinky hair
types like myself may feel unappreciated by the black com-
munity. For example, there is this Instagram account called

@haircareavenue with roughly eighty thousand followers.
Though this page seems to uplift all black hair, it is clear that
they value length which, according to previous descriptions,
is a Eurocentric standard. In fact, in The Impact of Colorism
on African American Women, Spike Lee stated that,
“[w]hether black men admit it or not… they’d rather see long
hair than a short Afro, because that’s closer to white women”
(Mathews & Johnson 2015, 254). This shows that one of the
possible reasons that black women pursue long hair is to be
more desirable, both to men and in general. This is based on
the Western standard that long hair is the most desirable.
Since kinky hair is the polar opposite of this “ideal,” then it
must be the least desirable according to these beauty stan-
dards. Not only is this opposition seen through the actual
textures of both hair types, but it is seen in the definitions of
them. In a thesaurus, the word “straight” is associated with
words like “right,” “pure,” and “neat,” all of which fall in line
with the messaging of white superiority (“Straight”). Kinky is
analogous with terms like “deviant,” “abnormal,” “immoral,”
and “unhealthy,” all of which are words that our society con-
tinues to push on black people (“Kinky”). The manipulation
of kinky hair to be curly, sleek, or tamed in any way is an
attempt to meet a Eurocentric standard because it is used to
make kinky hair appear straight.

If these natural hair appreciation pages and communities
wanted to uplift kinky hair, they would embrace how defiant
kinky hair is to straight hair. It can be assumed that this is
why the Afro was used in the original Black is Beautiful
movement in the 1960s, which was a movement motivated to
eradicate Euro-American standards of beauty (Patton 2006,
40). It is interesting to see that the only people shown with
short, kinky hair on the page are males. It is only acceptable
for men to have short, kinky hair in this society, which sends
the message that short, kinky hair is masculine. There is also
an obsession with obtaining curl definition, which is prob-
lematic because kinky hair does not have a strong curl defini-
tion. Hair with kinks either has to be altered and stretched
out through bantu knots, twist outs, and braid outs to achieve
an elongated curl, or tucked away, hidden from sight under a
wig or weave. All in all, the natural hair community’s obses-
sion with curl definition and long hair speaks to the undesir-
ability of short kinky hair, which does not have these traits.

Another synonym of “kinky” is “sexy.” However, this is the
only definition that is not represented for kinky hair, unlike
the other hair types ("Kinky"). Other hair textures are used to
create sex appeal and can be described as “sexy,” while kinky
hair is not typically described in this way. For example, while
many black female rappers like Nicki Minaj, Cardi B, Meg
Thee Stallion, and Lil Kim maintain a sexual presence
through their music and image, kinky hair is never a part of
that. Perhaps wearing kinky hair would disrupt the sexual
look they are going for. It is interesting to note that although
many things about a black woman are hypersexualized, like
her butt, breasts, and overall shape, her hair is not repre-
sented as sexy even though “kinky” is synonymous with
"sexy." For the black community to truly oppose Western

beauty ideals, it must fully love, support, and produce images
of kinky hair in its natural form. Patton calls those who up-
hold these ideals black beauty liberationists, “which means
that you are not identified with the powers that be, but rather
directly challenge the White supremacist hegemony that has
kept your beauty and your body invisible, marginalized, and
stereotyped” (44).

The Importance of having a Safe Space on
Social Media
While there is a lack of full representation of the diversity of
black women on some social media accounts, it cannot be
denied that many Black Instagram pages, including @hairca-
reavenue, are black beauty liberationists since they work to
define black beauty for themselves and make black women
visible. Instagram is a great medium to obtain visibility be-
cause the platform relies on pictures, unlike other social me-
dia platforms that rely mostly on text. An African American
Studies professor, Jayne Ifekwunigwe, discusses the differ-
ences between third wave feminism and activism on social
media, like ‘Care Free Black Girl' Feminism (CFBGF):

In other words, third-wave black feminism would
argue that none of us is truly visible unless we are all
visible. Meanwhile, CFBGF would argue that I am
now visible because I have rendered myself visible,
in spite of the fact that the white patriarchal system
that has created such constraining definitions for
black womanhood has not been dismantled (Ifek-
wunigwe 2018, 122).

The latter statement applies to all new feminisms that have
been cultivated on the internet. Due to the attacks that black
women have historically received about their sexuality, third-
wave feminism seems to be cautious about sexuality. How-
ever, this new age of feminism embraces it completely: “sex
positivity that is at the heart of the feminism that us younger
folks have come to embrace, that she’d [bell hooks] consider
that the joy many of us find in our bodies, in sex and yes,
even in the male gaze” (Ifekwunigwe 2018, 118). There are
countless accounts on Instagram that carry this attitude
through their content. For example, @afroprincesses, a black
beauty liberationist page, showcases the diversity of black
women in predominantly Afros and other natural hairstyles.
Specifically, there is an image of a slim, dark-skinned black
woman with a relatively short Afro in purple lingerie con-
trasted against sheer white cloth (@afroprincesses). Though
these pictures almost show her nipples, she does not look too
sexy, in that her dark brown skin doesn’t

make her any more or any less sexy than anyone else. An-
other great thing about this picture is that she makes wearing
an Afro sexy, as the picture does not look less sexy because of
her Afro either—in fact, it compliments her well. Lastly, this
display of sexuality is not the same as watching unnamed
naked women being objectified in a rap music video. This
woman is choosing to show off her sexuality because she
wants to, and it emits the message that dark skin women with

an Afro can be sexy, which is a narrative that traditional me-
dia does not provide.

Another social media account that counters hegemonic
beauty standards is @darkskinwomen, an account with over
one million followers. Western beauty ideals convey that
white women are the most beautiful, and the best way to
combat that is with pages like this one, which showcases the
beauty of dark-skinned black women. The pictures on these
pages work like positive affirmations to combat the negative
pictures that society paints about black women. Black beauty
being corroborated through this safe space on the internet
contributes to the weakening of the power that the hege-
monic order has on black women (Patton 2006, 43). These
black beauty liberationist pages ensure that black women are
not all painted with a broad brush. They allow for black
women to tell their own narrative apart from what society
projects them to be. This practice of Afrocentric theory is
revealed through the display of different black women that
are skinny, “slim thick,” plus size, light- and dark-skinned
with curly or kinky hair, braids, wigs, weaves, and more
(Patton 2006, 43).

Conclusion
Both the lack of representation of “undesirable” hair types in
the black community and the black beauty liberationists
pages on social media enforce the theoretical framework of
the Looking-glass self, as proposed by Charles Horton Coo-
ley. This theory suggests that the way we think of ourselves,
whether negative or positive, mirrors the way society thinks
of us. Furthermore, he attests that, “It is in others that we
come to know ourselves” (Mathews & Johnson 2015, 257). If
this is the case, then that shows how detrimental poor images
of anyone can be, because, according to social science, hu-
mans are more likely to accept these messages whether they
benefit them or not. For example, Tayler J. Matthews and
Glenn S. Johnson describe how destructive or constructive it
can be for a person to take in negative or positive images.
These images can impact other areas of their life, such as
quality of education, career, and support networks (256). In
other words, having a high self-esteem is conducive to being
the best version of yourself while feeling competent enough
to achieve your goals. Therefore, this shows the importance
of having more representation and love for short, kinky hair,
as it combats the development of low self-esteem in black
women with this attribute. This also shows why it is so im-
portant for black beauty liberationist pages to continue to
exist, as they uplift black women with content that counters
the negative messages of the outside world.

Social media has given everyone the opportunity to be ex-
posed to new things. This is important because a black
woman, who once only had access to harmful messages
about her natural hair, skin, and features in the physical
realm, now has an outlet to counter those messages. Social
media pages that promote a diverse range of black beauty are
fighting the good fight in terms of reversing the negative im-
ages that the hegemonic forces have thrust upon minority
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communities. The accessibility of social media also allows
women of different races to be exposed to black culture and
can take aspects from it and make them trendy. This shows
that this beauty trend can be harmful to communities that
face the brunt of this superficially inclusive trend. Ultimately,
social media has the power to continue to perpetuate hege-
monic dogmas, but because of its reliance on user produced
content, users themselves can shift the narrative.
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The Direct and Indirect Effects of Calcium Dyshomeostasis on the Amyloidogenic BACE1 Enzyme in Alzheimer’s Disease
Lia Calcines-Rodriguez ‘20, Neuroscience
Alzheimer’s disease, a leading cause of death in the United States, results in the loss of hippocampal neurons and cognitive
decline. Understanding the pathways leading to neuronal loss is the first step to developing therapeutic treatments.
Amyloidogenesis, the aggregation of amyloid proteins in the cell, and accompanying ER stress are known characteristics of an
affected neuron. In this review, the role of Ca2+, an important molecule in neuron function, in the regulation of amyloidogenic
pathways is discussed. A primary focus is the impact on the enzyme BACE-1, the first rate limiting step in these pathways.

The Pakistani Constitution: in Pursuit of Justice
SyedaMahnoor Raza ‘24, Political Science & English Literature
Pakistan is presented as a case study for “diverse, divided and developing countries” with structural issues that impact execution
of democracy. Drawing on John Rawls political philosophies and Eleanor Curran’s comments on Larry May’s “Limiting Leviathan”
to define concepts of justice and equity and the grounds of a moral constitution, Raza considerately crafts a hypothetical
constitution centering around the pursuit of justice, deconstructing and reconstructing Pakistani political institutions to create a
more fair and equitable system.

Reflection and Correction: Guaman Poma’s Precolonial Critique of Spanish Dominance in the Andes
Anna Remus ‘21, Anthropology, Spanish, & Archaeology, Technology & Historical Structures (ATHS)
In El primer nueva coronica y buen gobierno, Felipe Guaman Poma de Ayala courageously writes the voices of indigenous people
into the history of Spanish colonization as it was happening in 17th century Peru. Though he addresses his audience as a 'humble
vassal,' Remus argues that this proud Andean did not succumb to dominating influences but rather used them to exercise agency
and resistance toward invading cultural and political forces. His is a “precolonialist” critique: one anticipates key features of
postcolonial literature, and one that goes so far as to hint at Andean superiority over Spanish invaders.

Beauty on Social Media and its Racial Intersections
Dominique Dorvil ‘20, Computer Science & Digital Media Studies
Social media: champion of diversity, or perpetuator of harm? In a world where social media has a considerable influence on beauty
ideals, observed practices can be traced back to real-life racial tensions. Examining the effects of celebrity influence and filter
functionality on the implicit appropriation of ethnic features, this paper explores beauty trends on social media and illustrates the
importance of the safe space in black beauty liberationist pages through the Afrocentric and looking glass self theories.


