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PREFACE 

Launching an Academic Journal for Barton College 

At the 2026 Day of Scholarship and Engagement (DOSE) on April 20, Barton College, through its Center for 
Undergraduate Research and Scholarship, launched the inaugural issue of the Barton Journal. This publication 
has the primary goal of advancing the academic impact of the college through the work of its students, closely 
guided by faculty mentors. Writings by Barton College students are the central focus of the inaugural issue, 
particularly drawing from research completed in fall 2025 and spring 2026, along with conference abstracts for 
work presented at the 2026 DOSE. These writings are outward-facing carrying with them the name and 
reputation of the college, the faculty, and the students. In year three of the implementation plan, the journal will 
become outward-reaching, accepting submission from other institutions. 

In an effort to be representative of all academic disciplines, the journal has adopted a four category, 18 article 
type submission structure. Category 1 (3000–5000 words) includes full-length articles, review articles, and 
technical reports. Category 2 (1500–3000 words) includes case studies, creative scholarship (an accompanying 
essay), critical essays, data papers, methodology papers, replication studies, research notes, and short articles. 
Category 3 (750–1000 words) includes book/media reviews, briefs, commentaries, letters, and perspectives. 
Category 4 is for abstracts including extended abstracts (300–700 words) and conference abstracts (150–300 
words). Categories 1, 2, and 3 also include a brief abstract in the word count, but references do not affect the 
word count. Definitions of all article types are provided in the journal and submission processes. 

The scope of the journal is broad, but well-researched planning has led to an inclusive structure. To that end, the 
journal follows APA 7 formatting (required for all submissions, across all disciplines), with one exception. 
References in the publication present author names in their entirety in order to avoid de-gendering and cultural 
erasure of the authors’ identities. Adopting this variation of APA aligns with three of the Barton College core 
values: integrity, creativity, and inclusivity. 

Special thanks for the development of the journal is owed to students Emma Davis and Berkley Ann Hicks, who 
spent many hours working on a meta-analysis of undergraduate research journals from institutions across the 
U.S. These two students co-authored a white paper on the findings that included a proposed structure and 
design of the journal. In the spring, these two students also served as founding junior editors. 

Gerard C. Lange,  
Director of the Center for Undergraduate Research and Scholarship 
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Submission Categories  
and Article Types 

CATEGORY 1 (3000–5000 words) 

Full-Length Article. Comprehensive, original research study; presents research questions, methods, findings, 
and implications in full detail. 

Review Article. Critical synthesis of existing scholarship across a discipline or subfield; identifies debates, 
trends, and gaps in the literature. 

Technical Report. Detailed account of applied research, development, or project-based work; emphasizes 
procedures, data, and practical results. 

 

CATEGORY 2 (1500–3000 words) 

Case Study. An in-depth examination of a single event, individual, organization, or community; used to 
illustrate broader concepts. 

Creative Scholarship. Explanatory text accompanying scholarly work grounded in artistic, literary, or creative 
practices. 

Critical Essay. An argument-driven analysis of a text, issue, or concept; prioritizes interpretation, critique, and 
original perspective. 

Data Paper. Documentation-focused article describing a data set collection, structure, and potential uses. 

Methodology Paper. Focused exploration of research methods, designs, or analytical tools; emphasizes 
innovation or refinement of methods. 

Replication Study. Study that reproduces prior research to test reliability and validity; applicable to all research 
disciplines. 

Research Note. Short report presenting preliminary findings, emerging questions, or early-stage results to share 
timely insights. 

Short Article. Condensed research piece that presents a focused analysis, small study, or partial findings. 

 

 

CATEGORY 3 (750–1000 words) 
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Book/Media Review. Evaluative overview of a recent book, film, performance, or digital media. 

Brief. Concise report summarizing key findings, updates, or policy relevant information. 

Commentary. Short, argument-based reflection on a current issue, debate, or publication. 

Letter. Short communication addressing a specific study, idea, or data set. 

Perspective. Reflective or viewpoint-driven piece offering an informed disciplinary interpretation of an issue, 
trend, or method. 

 

CATEGORY 4 (Abstracts) 

Extended Abstract (300–700 Words). A more detailed, mini-article format including background, methods, 
and preliminary findings. 

Conference Abstract (150–300 Words). Concise summary of conference ready research, outlining the 
question, approach, and significance. 

 

 

 

 

 

 

 

 

 

 

 

 

Barton Journal, vol. 1, no. 1, Spring 2026  
https://bartonjournal.org/ 



Contents 

*Student author, ⁺Faculty mentor 

Demystifying Nervous System Regeneration: A Comprehensive Review..................................................... 1 
Taylor Medlock-Lanier (class of 2020) 

A Mathematical Approach to Prion Misfolding............................................................................................... 47 
Morgan Cassell*, Ashley L. Bennett⁺, and Nicole L. Mazuroski⁺ 

Bioinformatics of the Oral Microbiome............................................................................................................. 72 
Vivianna A. Jensen* and Ashley L. Bennett⁺ 

Phototaxis in Drosophila melanogaster..............................................................................................................90 
Makenzie Cyzick* and David Dommer⁺ 

Unraveling Neuroblastoma: Causes, Treatments, and Future Perspectives.................................................96 
Sydney Hopkins* (class of 2025) and Nicole L. Mazuroski⁺ 

FOMO: Understanding How Fear of Missing Out Impacts College Students..........................................106 
Savanna E. Wells* and Gerard C. Lange⁺ 

Digital Transformation in Professional Sport: A Case Study of Artificial Intelligence Integration in a 
German Second-Division Ice Hockey Club...................................................................................................... 114 
Jannik Stockfisch* and Andrea Cuthrell⁺ 

Mindful Horizons: A Mental Health Wellness Center Proposal for Nashville, NC................................ 120 
Katelynn E. Kaestner*, Sarah M. Larkins*, Savannah G. Rodgers*, and Randy Hamm⁺ 

Rivalytics: The Role of Marketing Perception in Shaping Consumer Loyalty in Nike and Adidas— 
Evidence from Primary Survey Data................................................................................................................. 127 
Eulalia Pascual Biosca* and Charles Lanier⁺ 

Understanding Radiographic Chemistry.........................................................................................................135 
Savannah Olson* and Nicole L. Mazuroski⁺ 

Selling Beauty, Selling Identity: The Business and Psychology Behind the Beauty Industry................ 142 
Alexandra Sáez Lozano* and Miguel Elizalde⁺ 

13th Annual Day of Scholarship and Engagement.........................................................................................148 
Emma Davis* and Gerard C. Lange⁺ 

The Acute Cardiovascular Response to Exercise.............................................................................................150 
Carleigh Parker*, Lauren Biscardi⁺, and Charlie Ottinger⁺ 

Barton Journal, vol. 1, no. 1, Spring 2026  
https://bartonjournal.org/ 

https://docs.google.com/document/d/1tKryfyxWriDAN2Oi6dIBYUTpJ_7KOEK7ExAjCAmhrR0/edit?pli=1&tab=t.0#heading=h.n0sv7pa3e3a
https://docs.google.com/document/d/1tKryfyxWriDAN2Oi6dIBYUTpJ_7KOEK7ExAjCAmhrR0/edit?pli=1&tab=t.0#heading=h.k0g7831rxf73
https://docs.google.com/document/d/1tKryfyxWriDAN2Oi6dIBYUTpJ_7KOEK7ExAjCAmhrR0/edit?pli=1&tab=t.0#heading=h.tk3easkn36x
https://docs.google.com/document/d/1tKryfyxWriDAN2Oi6dIBYUTpJ_7KOEK7ExAjCAmhrR0/edit?pli=1&tab=t.0#heading=h.j26vsfmq2il3
https://docs.google.com/document/d/1tKryfyxWriDAN2Oi6dIBYUTpJ_7KOEK7ExAjCAmhrR0/edit?pli=1&tab=t.0#heading=h.tledlm4liyl0
https://docs.google.com/document/d/1tKryfyxWriDAN2Oi6dIBYUTpJ_7KOEK7ExAjCAmhrR0/edit?pli=1&tab=t.0#heading=h.h8xy003r63ek
https://docs.google.com/document/d/1tKryfyxWriDAN2Oi6dIBYUTpJ_7KOEK7ExAjCAmhrR0/edit?pli=1&tab=t.0#heading=h.xydrf6knzudy
https://docs.google.com/document/d/1tKryfyxWriDAN2Oi6dIBYUTpJ_7KOEK7ExAjCAmhrR0/edit?pli=1&tab=t.0#heading=h.xydrf6knzudy
https://docs.google.com/document/d/1tKryfyxWriDAN2Oi6dIBYUTpJ_7KOEK7ExAjCAmhrR0/edit?pli=1&tab=t.0#heading=h.ggy6ipwpkjnt
https://docs.google.com/document/d/1tKryfyxWriDAN2Oi6dIBYUTpJ_7KOEK7ExAjCAmhrR0/edit?pli=1&tab=t.0#heading=h.lr37klwx7lra
https://docs.google.com/document/d/1tKryfyxWriDAN2Oi6dIBYUTpJ_7KOEK7ExAjCAmhrR0/edit?pli=1&tab=t.0#heading=h.lr37klwx7lra
https://docs.google.com/document/d/1tKryfyxWriDAN2Oi6dIBYUTpJ_7KOEK7ExAjCAmhrR0/edit?pli=1&tab=t.0#heading=h.gxyok42f40y
https://docs.google.com/document/d/1tKryfyxWriDAN2Oi6dIBYUTpJ_7KOEK7ExAjCAmhrR0/edit?pli=1&tab=t.0#heading=h.wdsc5dp8vuz9
https://docs.google.com/document/d/1tKryfyxWriDAN2Oi6dIBYUTpJ_7KOEK7ExAjCAmhrR0/edit?pli=1&tab=t.0#heading=h.xhne0kukr75j
https://docs.google.com/document/d/1tKryfyxWriDAN2Oi6dIBYUTpJ_7KOEK7ExAjCAmhrR0/edit?pli=1&tab=t.0#heading=h.1mayelmjgjxx


Advantages and Disadvantages of Taking a Gap Year before Undergrad and Graduate School............ 152 
Takyla Graham* and Tamara Avant⁺ 

An Investigation into the Relationship between Reactive Strength and the Game Realistic High- 
Speed Movement among Male NCAA DII Lacrosse Players......................................................................... 154 
Luke Woollard* and Lauren Biscardi⁺ 

Bayesian Integrative Approach Identifies Hidden Intermediates in DH270-Induced Structural 
Transitions of HIV-1 Envelope...........................................................................................................................156 
Alaina Vrable* and Ashley L. Bennett⁺ 

Brain Bites: Exploring the Connection Between Food Choice and Emotional Wellness........................ 158 
Joshuah Miller*, Seth Stallings*, Cali Younker*, and Ashley Gardner⁺ 

Bulldog Backup: Increasing Perception of Campus Safety at Barton College...........................................159 
Grace Ryan*, Irma Granstam*, Ammon Williams*, and Ashley Gardner⁺ 

Catching Seniors Before They Fall: The Wellness Kit Initiative, Senior S.A.F.E. Net............................ 160 
Takyla Graham*, Ariyana Carlton*, Brenson Morris*, and Ashley Gardner⁺ 

Cold Water Immersion vs. Passive Rest: Effects on Athletic Recovery...................................................... 162 
Aubree Schrubb* and Lauren Biscardi⁺ 

Collegiate Sports Marketing............................................................................................................................... 164 
Jack Welch* and Navpreet S. Pooni⁺ 

Correlation Between Linear Sprint Speed and Force Production............................................................... 165 
Nathan Waldridge* and Lauren Biscardi⁺ 

Customer Experience and Leadership Development in the Modern Luxury Car Industry................... 167 
Fredrik Foss* and Navpreet S. Pooni⁺ 

Design and Evaluation of an Ambien–Kava Hybrid Molecule and its Pharmacological Effects........... 169 
Clayton Daniels* and Nicole L. Mazuroski⁺ 

Dictatorship or Democracy: The Power of Grand Strategy & Civil Resistance.......................................171 
Airene Costelo⁺ and Olivia Van Horn* 

Digital Branding and Athlete Revenue Models.............................................................................................. 173 
Justin Washington* and Navpreet S. Pooni⁺ 

The Effect of Personality Traits and Political Affiliation on the Misinformation Effect in Fake News 
Headlines................................................................................................................................................................ 174 
Leonie Hellum-Lilleengen* and Tamara Avant⁺ 

Barton Journal, vol. 1, no. 1, Spring 2026  
https://bartonjournal.org/ 

https://docs.google.com/document/d/1tKryfyxWriDAN2Oi6dIBYUTpJ_7KOEK7ExAjCAmhrR0/edit?pli=1&tab=t.0#heading=h.pnfjomjg4tgk
https://docs.google.com/document/d/1tKryfyxWriDAN2Oi6dIBYUTpJ_7KOEK7ExAjCAmhrR0/edit?pli=1&tab=t.0#heading=h.7de4nkkci2ur
https://docs.google.com/document/d/1tKryfyxWriDAN2Oi6dIBYUTpJ_7KOEK7ExAjCAmhrR0/edit?pli=1&tab=t.0#heading=h.7de4nkkci2ur
https://docs.google.com/document/d/1tKryfyxWriDAN2Oi6dIBYUTpJ_7KOEK7ExAjCAmhrR0/edit?pli=1&tab=t.0#heading=h.21p2rnvl0a75
https://docs.google.com/document/d/1tKryfyxWriDAN2Oi6dIBYUTpJ_7KOEK7ExAjCAmhrR0/edit?pli=1&tab=t.0#heading=h.21p2rnvl0a75
https://docs.google.com/document/d/1tKryfyxWriDAN2Oi6dIBYUTpJ_7KOEK7ExAjCAmhrR0/edit?pli=1&tab=t.0#heading=h.dcs5r4bi3sw
https://docs.google.com/document/d/1tKryfyxWriDAN2Oi6dIBYUTpJ_7KOEK7ExAjCAmhrR0/edit?pli=1&tab=t.0#heading=h.9l93eg194yjb
https://docs.google.com/document/d/1tKryfyxWriDAN2Oi6dIBYUTpJ_7KOEK7ExAjCAmhrR0/edit?pli=1&tab=t.0#heading=h.a0otk4x6zlqz
https://docs.google.com/document/d/1tKryfyxWriDAN2Oi6dIBYUTpJ_7KOEK7ExAjCAmhrR0/edit?pli=1&tab=t.0#heading=h.kpl1joxn5oc
https://docs.google.com/document/d/1tKryfyxWriDAN2Oi6dIBYUTpJ_7KOEK7ExAjCAmhrR0/edit?pli=1&tab=t.0#heading=h.xq9c0fg3dh5t
https://docs.google.com/document/d/1tKryfyxWriDAN2Oi6dIBYUTpJ_7KOEK7ExAjCAmhrR0/edit?pli=1&tab=t.0#heading=h.vi02369qq1us
https://docs.google.com/document/d/1tKryfyxWriDAN2Oi6dIBYUTpJ_7KOEK7ExAjCAmhrR0/edit?pli=1&tab=t.0#heading=h.qgso96co9ziq
https://docs.google.com/document/d/1tKryfyxWriDAN2Oi6dIBYUTpJ_7KOEK7ExAjCAmhrR0/edit?pli=1&tab=t.0#heading=h.v7gcwfghp37x
https://docs.google.com/document/d/1tKryfyxWriDAN2Oi6dIBYUTpJ_7KOEK7ExAjCAmhrR0/edit?pli=1&tab=t.0#heading=h.53eq2lm7qw6w
https://docs.google.com/document/d/1tKryfyxWriDAN2Oi6dIBYUTpJ_7KOEK7ExAjCAmhrR0/edit?pli=1&tab=t.0#heading=h.rczikyjox2o3
https://docs.google.com/document/d/1tKryfyxWriDAN2Oi6dIBYUTpJ_7KOEK7ExAjCAmhrR0/edit?pli=1&tab=t.0#heading=h.14n2coave4cx
https://docs.google.com/document/d/1tKryfyxWriDAN2Oi6dIBYUTpJ_7KOEK7ExAjCAmhrR0/edit?pli=1&tab=t.0#heading=h.14n2coave4cx


The Effects of Sleep Quantity and Quality on Athletic Performance and Recovery............................... 176 
Christopher “Walt” Williams* and Lauren Biscardi⁺ 

Enhancing SSRI Treatment Outcomes: Curcumin as an Adjunct to Fluoxetine for Major Depressive 
Disorder.................................................................................................................................................................. 178 
Destini Hinton* and Nicole L. Mazuroski⁺ 

Examination of Neuroticism and Acute vs. Chronic Stress in College Athletes.......................................180 
Irma Granstam* and Tamara Avant⁺ 

Exercise Intensity Prescription in Cardiac Rehabilitation: A Narrative Review Comparing High- 
Intensity Interval Training Versus Moderate Continuous Training.......................................................... 182 
Carleigh Parker* and Lauren Biscardi⁺ 

Exploring Differences in Compassionate Traits Within Adult Virtual-Pet Hobbyists...........................184 
Seth Stallings* and Tamara Avant⁺ 

Familial Impact on Student Success...................................................................................................................186 
Emma Davis* and Jennifer High⁺ 

How Leadership Styles of College Coaches Affect Student-Athlete Satisfaction..................................... 188 
Joshuah Miller* and Tamara Avant⁺ 

The Lumbo-Pelvic-Hip Complex and How It Relates to Strength and Performance............................. 190 
Christopher “Walt” Williams* and Lauren Biscardi⁺ 

Mental Health and Athletic Performance Post-Major Surgical Operations on the Knee.......................192 
Bryson Jenkins* and Mark Basinger⁺ 

Mind & Care Kits Initiative............................................................................................................................... 194 
Morgan Harold*, Josephine Rodriguez*, Skylar Watkins*, and Ashley Gardner⁺ 

Modifying and Enhancing Lamotrigine with Allicin.................................................................................... 196 
Hannah “Frankie” Cool* and Nicole L. Mazuroski⁺ 

More Than Athletes: The Dependable Athlete Wellness Guide System (D.A.W.G.S.).............................198 
Gracie Howard*, Kendall Walsh*, and Ashley Gardner⁺ 

The Most Effective Way to Communicate While Coaching Athletes......................................................... 199 
Kale Grehan* and Lauren Biscardi⁺ 

Online Transparency: How Social Work Can Function Better in the Spotlight......................................201 
Ethan Koekemoer* and Yvette Richardson⁺ 

Barton Journal, vol. 1, no. 1, Spring 2026  
https://bartonjournal.org/ 

https://docs.google.com/document/d/1tKryfyxWriDAN2Oi6dIBYUTpJ_7KOEK7ExAjCAmhrR0/edit?pli=1&tab=t.0#heading=h.u3hgn7j17mvf
https://docs.google.com/document/d/1tKryfyxWriDAN2Oi6dIBYUTpJ_7KOEK7ExAjCAmhrR0/edit?pli=1&tab=t.0#heading=h.a6gmgs6jvwwy
https://docs.google.com/document/d/1tKryfyxWriDAN2Oi6dIBYUTpJ_7KOEK7ExAjCAmhrR0/edit?pli=1&tab=t.0#heading=h.a6gmgs6jvwwy
https://docs.google.com/document/d/1tKryfyxWriDAN2Oi6dIBYUTpJ_7KOEK7ExAjCAmhrR0/edit?pli=1&tab=t.0#heading=h.877ojni1bvoi
https://docs.google.com/document/d/1tKryfyxWriDAN2Oi6dIBYUTpJ_7KOEK7ExAjCAmhrR0/edit?pli=1&tab=t.0#heading=h.murmdm4ep458
https://docs.google.com/document/d/1tKryfyxWriDAN2Oi6dIBYUTpJ_7KOEK7ExAjCAmhrR0/edit?pli=1&tab=t.0#heading=h.murmdm4ep458
https://docs.google.com/document/d/1tKryfyxWriDAN2Oi6dIBYUTpJ_7KOEK7ExAjCAmhrR0/edit?pli=1&tab=t.0#heading=h.d8t2fa6xoanl
https://docs.google.com/document/d/1tKryfyxWriDAN2Oi6dIBYUTpJ_7KOEK7ExAjCAmhrR0/edit?pli=1&tab=t.0#heading=h.4nv1b6rcwpa9
https://docs.google.com/document/d/1tKryfyxWriDAN2Oi6dIBYUTpJ_7KOEK7ExAjCAmhrR0/edit?pli=1&tab=t.0#heading=h.sfrccmc3fc3e
https://docs.google.com/document/d/1tKryfyxWriDAN2Oi6dIBYUTpJ_7KOEK7ExAjCAmhrR0/edit?pli=1&tab=t.0#heading=h.r2ptc19yma1p
https://docs.google.com/document/d/1tKryfyxWriDAN2Oi6dIBYUTpJ_7KOEK7ExAjCAmhrR0/edit?pli=1&tab=t.0#heading=h.de8fcojo1kth
https://docs.google.com/document/d/1tKryfyxWriDAN2Oi6dIBYUTpJ_7KOEK7ExAjCAmhrR0/edit?pli=1&tab=t.0#heading=h.1vyndsgqx9zk
https://docs.google.com/document/d/1tKryfyxWriDAN2Oi6dIBYUTpJ_7KOEK7ExAjCAmhrR0/edit?pli=1&tab=t.0#heading=h.yike2nyfe6tp
https://docs.google.com/document/d/1tKryfyxWriDAN2Oi6dIBYUTpJ_7KOEK7ExAjCAmhrR0/edit?pli=1&tab=t.0#heading=h.3yglgpdgd10w
https://docs.google.com/document/d/1tKryfyxWriDAN2Oi6dIBYUTpJ_7KOEK7ExAjCAmhrR0/edit?pli=1&tab=t.0#heading=h.agqugl38l7fu
https://docs.google.com/document/d/1tKryfyxWriDAN2Oi6dIBYUTpJ_7KOEK7ExAjCAmhrR0/edit?pli=1&tab=t.0#heading=h.gkf1d914j5hv


The Psychological Factors Contributing to the Yips in Sports Performance............................................203 
Morgan Harold* and Tamara Avant⁺ 

The Quality of Athletic Playing Surface and its Influence on Performance............................................. 205 
Kathryn Robinson* and Lauren Biscardi⁺ 

The Role of Outdoor Playing Surface Quality on Injury Prevention and Performance: A Narrative 
Review.....................................................................................................................................................................207 
Kathryn Robinson*, Lauren Biscardi⁺, and Charlie Ottinger⁺ 

Second Season Success: Helping Seniors Transition From Sport to Career...............................................209 
Danni Watson*, Christopher Murray*, Charlotte Walker*, and Ashley Gardner⁺ 

Social Media Detoxing and its Effect on Self Esteem..................................................................................... 211 
Cali Younker* and Tamara Avant⁺ 

Specificity of Squat Variations: A Theoretical Framework for Adaptations and Performance  
Outcomes................................................................................................................................................................ 213 
Luke Woollard*, Lauren Biscardi⁺, and Charlie Ottinger⁺ 

Stress Management in High Pressure Scenarios in Aviation........................................................................ 215 
Natan Alexandre* and Ashley Gardner⁺ 

Taking Leadership Development Through Sport into High-Pressure Environments.............................217 
Hayden Summerfield* and Melissa Goines⁺ 

Towards Suppression of Polycyclic Aromatic Hydrocarbons Leaching from Creosote-Treated  
Wood........................................................................................................................................................................219 
Amirhomayoon Paydar*, Salena Kabani*, Briana Salinas*, Alex J. Taylor*, Bryan Hlavinka*, and Kenneth E. 
Russell⁺ 

Understanding the Effects of Hawthorn Berry on Antihypertensive Pharmacology..............................221 
Layton Dupree* and Nicole L. Mazuroski⁺ 

Video Games and their Effects on Heart Rate and Heart Rate Variability............................................... 223 
Colby Goldschmidt*, Lauren Biscardi⁺, and Charlie Ottinger⁺ 

 

 

 

 

Barton Journal, vol. 1, no. 1, Spring 2026  
https://bartonjournal.org/ 

https://docs.google.com/document/d/1tKryfyxWriDAN2Oi6dIBYUTpJ_7KOEK7ExAjCAmhrR0/edit?pli=1&tab=t.0#heading=h.4vy5qv7ty94z
https://docs.google.com/document/d/1tKryfyxWriDAN2Oi6dIBYUTpJ_7KOEK7ExAjCAmhrR0/edit?pli=1&tab=t.0#heading=h.hc56fp9vu87
https://docs.google.com/document/d/1tKryfyxWriDAN2Oi6dIBYUTpJ_7KOEK7ExAjCAmhrR0/edit?pli=1&tab=t.0#heading=h.e5666ls1v8qk
https://docs.google.com/document/d/1tKryfyxWriDAN2Oi6dIBYUTpJ_7KOEK7ExAjCAmhrR0/edit?pli=1&tab=t.0#heading=h.e5666ls1v8qk
https://docs.google.com/document/d/1tKryfyxWriDAN2Oi6dIBYUTpJ_7KOEK7ExAjCAmhrR0/edit?pli=1&tab=t.0#heading=h.5b4rqjb0jb8y
https://docs.google.com/document/d/1tKryfyxWriDAN2Oi6dIBYUTpJ_7KOEK7ExAjCAmhrR0/edit?pli=1&tab=t.0#heading=h.lkoaa1nmp2jx
https://docs.google.com/document/d/1tKryfyxWriDAN2Oi6dIBYUTpJ_7KOEK7ExAjCAmhrR0/edit?pli=1&tab=t.0#heading=h.qbe2a3pezmdv
https://docs.google.com/document/d/1tKryfyxWriDAN2Oi6dIBYUTpJ_7KOEK7ExAjCAmhrR0/edit?pli=1&tab=t.0#heading=h.qbe2a3pezmdv
https://docs.google.com/document/d/1tKryfyxWriDAN2Oi6dIBYUTpJ_7KOEK7ExAjCAmhrR0/edit?pli=1&tab=t.0#heading=h.osp40ex37c0b
https://docs.google.com/document/d/1tKryfyxWriDAN2Oi6dIBYUTpJ_7KOEK7ExAjCAmhrR0/edit?pli=1&tab=t.0#heading=h.yeiv62vibe7i
https://docs.google.com/document/d/1tKryfyxWriDAN2Oi6dIBYUTpJ_7KOEK7ExAjCAmhrR0/edit?pli=1&tab=t.0#heading=h.6l0tcq8fe6m2
https://docs.google.com/document/d/1tKryfyxWriDAN2Oi6dIBYUTpJ_7KOEK7ExAjCAmhrR0/edit?pli=1&tab=t.0#heading=h.6l0tcq8fe6m2
https://docs.google.com/document/d/1tKryfyxWriDAN2Oi6dIBYUTpJ_7KOEK7ExAjCAmhrR0/edit?pli=1&tab=t.0#heading=h.s7bttdrw86ne
https://docs.google.com/document/d/1tKryfyxWriDAN2Oi6dIBYUTpJ_7KOEK7ExAjCAmhrR0/edit?pli=1&tab=t.0#heading=h.n77v70spfxvk


 

 

Demystifying Nervous System Regeneration: A Comprehensive Review 

LEAD ARTICLE 

Taylor Medlock-Lanierᵃ ᵇ 

ᵃFranklin College of Arts and Sciences, University of Georgia, Athens, GA, USA 

ᵇWashington University School of Medicine, St. Louis, MO, USA 

 

CITATION 

Medlock-Lanier, Taylor. (2026). Demystifying nervous system regeneration: A comprehensive review. Barton 
Journal, 1(1), 1–46. https://bartonjournal.org/vol-1-no-1/2026-lead-article-no-001 

© 2026 Taylor Medlock-Lanier. This article is published under the terms of the 
http://creativecommons.org/licenses/by/4.0/ License, which permits use, distribution 
and reproduction in any medium, provided the original work is properly cited. 

 

Abstract 

Uncovering mechanisms that govern successful nervous system regeneration will help inform future 
development of treatments for neurodegenerative disease and brain injury. There are organisms capable of 
robust nervous system regeneration, but the ability to functionally repair the entire brain is rare. Planarians are 
freshwater flatworms capable of whole-body regeneration after nearly any injury, including that of their nervous 
system. Planarians were used as a model to study how successful nervous system regeneration occurs. In this  
thesis research, six transcription factor-encoding genes were found that are required for the regeneration and 
maintenance of dopaminergic neurons in the planarian central, peripheral nervous system, and pharyngeal 
nervous system. Work was done to develop planarians as a model for neurodegenerative disease research through 
targeted studies and an unbiased screen. The work reviewed here centers around one goal: demystifying nervous 
system regeneration.  

Keywords: regeneration, dopamine, nervous system, planarian, regenerative neurogenesis, neuronal cell fate, 
specification, transcriptional regulation, differentiation, body patterning, neurodegeneration 
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Nervous System Development 

Development is the process by which a single cell transforms into a complex, multicelled organism. The key 
stages of development typically include fertilization, cleavage, blastula formation, gastrulation, and 
organogenesis. Fertilization is when gametes fuse to form a zygote, which will undergo rapid cell division 
(cleavage) and form the blastula (Gilbert, 2000a, 2000c). During gastrulation, the cells in the blastula will 
spatially rearrange into three germ layers: the endoderm, mesoderm, and ectoderm (Muhr et al., 2023; Purves et 
al., 2001b). After gastrulation, the three germ layers will continue to divide and become specialized cell types 
that form all the inner organs of an organism (Muhr et al., 2023; Purves et al., 2001b). One event critical for 
organogenesis in vertebrates is neurulation – the process that begins development of the nervous system 
(Gilbert, 2000b; Purves et al., 2001b). 

The vertebrate nervous system is composed of the brain and spinal cord, which make up the central nervous 
system (CNS), as well as the peripheral nervous system (PNS), which includes all nerves that exist outside of the 
CNS (Bazira, 2021). In humans, the PNS is split into two subsystems: autonomic and somatic (Bazira, 2021). 
The autonomic nervous system controls involuntary processes like heartbeat and blood pressure (Bazira, 2021; 
Gibbons, 2019). Sensory and motor neurons of the somatic PNS, by contrast, are used to carry signals to the 
brain or carry out commands from the brain, respectively (Bazira, 2021; Ju, 2020). The brain relies on 
information from the PNS to monitor the internal and external environment and then uses that information to 
respond to its surroundings. In humans, the enteric nervous system (ENS) is part of the autonomic nervous 
system in the PNS and innervates the gastrointestinal tract. The ENS acts independently of the CNS, though 
the ENS and CNS are interconnected through the vagus nerve (Purves et al., 2001a).  

However, other animals organize their nervous systems in other ways. Cnidarians have a simple nervous system 
and are thought to descend from some of the first animals to possess a nervous system, along with Ctenophores 
(Burkhardt, 2022; Grimmelikhuijzen & Westfall, 1995; Hiroshi Watanabe, Fujisawa, et al., 2009). The basic 
Cnidarian nervous system organization is that of a nerve net, in which some locations can be condensed to form 
more complex structures (Grimmelikhuijzen & Westfall, 1995; Hiroshi Watanabe, Fujisawa, et al., 2009). 
Echinoderms, in contrast, have three main components to their nervous systems—ectoneural, hyponeural, and 
endoneuroal systems (Cobb, 1987; García-Arrarás et al., 2001). The ectoneural system has both sensory and 
motor functions and is composed of the nerve ring surrounding the mouth and the radial nerve cords (Cobb, 
1987; Formery et al., 2021; García-Arrarás et al., 2001). The hyponeural system is primarily motor and is 
composed of the radial nerve cords associated with the skeletal muscle system (Cobb, 1987; Formery et al., 2021; 
García-Arrarás et al., 2001). Less is known about the entoneural system, which is only present in asteroids and 
crinoids (García-Arrarás et al., 2001; Haugh, 1975; Mercurio et al., 2024).  

In vertebrate development, the nervous system begins to form early, starting with a process called neurulation 
(Colas & Schoenwolf, 2001; Gilbert, 2000b; Purves et al., 2001b). Neurulation in humans begins in weeks 3-4 
of gestation (Chhetri & Das, 2023). During neurulation, the ectoderm is induced to become a neural plate 
following signals from the mesoderm (Chhetri & Das, 2023; Colas & Schoenwolf, 2001; Gilbert, 2000b). The 
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neuroectoderm inverts to give rise to the neural tube and, nearby, the neural crest (Chhetri & Das, 2023; Gilbert, 
2000b; Purves et al., 2001b). The neural tube, which provides cells for the central nervous system, is the source 
of CNS neurons, oligodendrocytes (which myelinate neurons in the CNS), astrocytes, and ependymal cells 
(Chhetri & Das, 2023; Gilbert, 2000b; Rasband, 2015). In the neurula stage, areas of the neural tube are also 
further specialized into three distinct regions: the forebrain, midbrain, and hindbrain vesicles (Cowan, 1978, 
1979). These three regions give rise to all the structures in the developed brain (Cowan, 1978, 1979). The neural 
crest gives rise to the PNS as well as a variety of other cell types and tissues, including pigment cells, cartilage, and 
smooth muscle (Mayor & Theveneau, 2013). The neural crest provides cells for the PNS, including PNS 
neurons, Schwann cells (which myelinate neurons in the PNS), and other glia (Mayor & Theveneau, 2013; 
Rasband, 2015). Sensory, motor, and enteric nervous systems each develop from the neural crest through 
distinct but interrelated processes (Mayor & Theveneau, 2013).  

Figure 1 

Schematic Overview of Neurulation 

 

Note. Adapted from Development of the Central Nervous System – Spinal Cord, TeachMeAnatomy.  

The nervous system is formed by neural progenitors, also called neuroblasts, that are characterized by their 
structure, pattern of differentiation, and transcriptional profiles (David J. Anderson, 2001; Le Douarin & 
Teillet, 1974). Several factors are known to influence neuroblasts to regulate the mature neuron population. 
After the establishment of the neurectoderm, basic helix-loop-helix transcription factors are upregulated in 
pro-neural clusters of neurectodermal cells, promoting the developmental program of neuroblasts (Hartenstein 
& Wodarz, 2013; Huang et al., 2014; Powell & Jarman, 2008; Quan & Hassan, 2005). Conserved mammalian 
SoxB family transcription factors are critical for defining cell populations that will become neuroblasts (Sasai, 
2001). Transcriptional regulators like Six3/6, Pax6, Pax3/7, and Nkx2.1/2.2 are also expressed early and are 
restricted to specific locations in the neurectoderm. These genes play active roles in triggering neurogenic 
potential while inhibiting neural differentiation, thereby maintaining each cell’s proliferative state (Arendt et al., 
2016; Bylund et al., 2003; Elkouris et al., 2011; Sasai, 2001). Induction and patterning of early neural 
determinants is achieved through signaling through conserved pathways like Wnt and BMP, as well as their 
inhibitors (Darras et al., 2011; Marlow et al., 2013; Niehrs, 2010; Sinigaglia et al., 2013). Notch signaling also 
helps mediate an inhibitory feedback loop that is activated by pro-neural genes, temporally and spatially 
restricting formation of neural progenitors (Hartenstein & Wodarz, 2013; Kageyama et al., 2009). Neural 
progenitors proliferate and differentiate variably depending on the type of neural cells they will become and the 
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region of the nervous system in which they will be located.  

Further, temporal patterning is required for proper nervous system development (Blackshaw & Cayouette, 
2025; El-Danaf et al., 2023). The underlying factors controlling temporal patterning have been best studied in 
Drosophila (El-Danaf et al., 2023; Grosskortenhaus et al., 2005; Isshiki et al., 2001; Ulvklo et al., 2012). In flies 
and vertebrates, neuroblasts divide several times asymmetrically to self-renew, to generate intermediate 
progenitors, and to generate neurons of distinct fates (Doe, 2017; Holguera & Desplan, 2018). Temporal 
identity factors were first characterized in the Drosophila ventral nerve cord, where sequential expression of 
hunchback, krüppel, pdm, castor, and grainyhead maps out the temporal steps of neuroblast division and 
differentiation into specific neuronal subtypes (Grosskortenhaus et al., 2005; Ulvklo et al., 2012). While 
Drosophila temporal identity factors are conserved in vertebrates, specific roles in regulating the timing of neural 
development are mostly conserved in the eye (Elliott et al., 2008; Javed et al., 2020, 2023).  

After neuronal birth, axons and dendrites must extend out along specific routes to create a network of 
connections between different parts of the nervous system, and connections must be adjusted and refined 
(Alberts et al., 2002). Typically, a neuron will have one long axon and several shorter dendrites that project 
toward target cells, though cell morphology can vary by species and neuronal cell type (Alberts et al., 2002). 
Extension of axons is driven by a growth cone that is present at the tip of the process (Alberts et al., 2002; 
Maloney & Bamburg, 2011; Pérez-Ferrer & Herrera, 2025; Sousa & Sousa, 2021). Axons and dendrites connect 
neurons to other neuronal or non-neuronal cells to form synapses (Alberts et al., 2002; Qi et al., 2022). In 
development, some organisms create an abundance of synapses during synaptogenesis, then use synaptic 
pruning to create the highly precise network of connections that is seen in the adult nervous system (Alberts et 
al., 2002; Faust et al., 2021; Qi et al., 2022; Sakai, 2020; Wolterhoff & Hiesinger, 2024). 

Neural Diversity 

Through neural development, a broad range of neurons are specified and mature, each with its own structure, 
function, and connections. Recent studies have shown that the human brain has over 3000 cell types, with each 
cell type possessing a unique transcriptional identity (Ament et al., 2023; Siletti et al., 2023). Heterogeneity in 
the brain is in part due to different neuron types, often identified by their neurotransmitters (Cizeron et al., 
2020; Que et al., 2019; Sugino et al., 2019). In addition to several different types of neurons, the brain has a 
highly heterogeneous population of glial cells that vary in location, gene expression, and structure (Bisht et al., 
2016; Butt & Verkhratsky, 2018; Khakh & Deneen, 2019; Oberheim et al., 2012; Silvin & Ginhoux, 2018; 
Stratoulias et al., 2019; Tan et al., 2020; Westergard & Rothstein, 2020). Neural diversity extends beyond the 
central nervous system into all parts of the peripheral nervous system, with various neuronal and glial cell types 
found in the nervous system throughout the body.  

Recent breakthroughs in bar-coding technologies and single-cell sequencing have allowed for lineage tagging and 
analysis of gene expression profiles to better understand how cellular diversity arises within the nervous system 
(Alemany et al., 2018; Bowling et al., 2020; McKenna et al., 2016; Raj et al., 2018). During nervous system 
development, neural progenitor cells initially divide symmetrically to expand the progenitor pool, followed by 
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frequent asymmetric division to create an intermediate progenitor pool (Ge et al., 2022; Taverna et al., 2014). It 
is widely accepted that neuronal fate decisions occur at the progenitor level, with more recent evidence 
suggesting environmental and wiring factors contribute to neuronal identity and diversification post-mitotically 
(Lodato et al., 2011; Lodato & Arlotta, 2015; Pla et al., 2006; Poliak et al., 2016; Pouchelon et al., 2014). 
Further, neurogenesis is driven by temporal and spatial patterning, with the possibility that these codes are 
coordinated to precisely control neuronal production (Briscoe et al., 2000; Sagner & Briscoe, 2019; Telley et al., 
2019). 

Dopaminergic Neurogenesis 

Dopaminergic neurons are specialized neurons located in the CNS and PNS that produce and release the 
neurotransmitter dopamine (Chinta & Andersen, 2005; Klein et al., 2018). The identification and location of 
dopaminergic neurons was first confirmed in rodent tissue samples utilizing histofluorescence methods (Falck et 
al., 1962). Mature dopaminergic neurons are also characterized by their expression of tyrosine hydroxylase (TH), 
an enzyme involved in the dopamine biosynthesis pathway, though norepinephrinergic neurons also express TH 
(Blanchard et al., 1993; Moore & Bloom, 1979; Raisman‐Vozari et al., 1991; Walkers & Holden-Dye, 1989). In 
the human CNS, the main source of dopamine is midbrain dopaminergic neurons, though dopaminergic 
neurons are also found in the diencephalon and olfactory bulb (Björklund & Lindvall, 1984). In the midbrain, 
several factors promote the development of dopaminergic neurons from stem cells and early progenitors. Sonic 
hedgehog (Shh) and fibroblast growth factor 8 (FGF8) signals provide essential cues for early dopaminergic 
progenitor cells (Hynes & Rosenthal, 1999; Rosenthal, 1997). Several early transcription factors help regulate 
early patterning in the ventral midbrain, including basic Helix-Loop-Helix transcription factors Hes1 and 
Nato3 (Kameda et al., 2011; Ono et al., 2010). Homeodomain transcription factors like Lmx1a, Lmx1b, and 
Msx1 help establish the identity of ventral midbrain dopamine neural precursors (Andersson et al., 2006; Failli 
et al., 2002; Smidt et al., 2000). Ngn2 and Nurr1 are then expressed in more specialized cells that go on to 
become dopaminergic neurons (Andersson et al., 2006; Hyun Jung Kim et al., 2007; Law et al., 1992; 
Zetterström et al., 1996).  

All dopaminergic neurons in the PNS, including those in the ENS, arise from the neural crest (R. B. Anderson 
et al., 2013; Hao et al., 2013; Mayor & Theveneau, 2013). While little work has been done to explore the 
development of dopamine-producing cells in the non-enteric PNS, we do know that dopamine in the body 
periphery originates from a few different sources: noradrenergic neuronal fibers; neuroendocrine cells; and the 
adrenal medulla (Fan & Katz, 1993; Goldstein & Holmes, 2008; Katz et al., 1983; Pearse, 1969; Wahbe et al., 
1982). ENS neurons come from precursors derived from the neural crest known as enteric neural crest-derived 
cells (ENCDC) (Le Douarin & Teillet, 1973, 1974; Yntema & Hammond, 1954, 1955). Several factors are 
required for ENCDCs to enter the gut and migrate through the entire organ, including PHOX2B, RET, and 
SOX10 (Jaesang Kim et al., 2003; Z. S. Li et al., 2004; Marcos & Pachnis, 1996; Pattyn et al., 1999; Taraviras et 
al., 1999). SOX10 also works with ZEB2 to maintain the potency of ENCDCs and inhibit neuronal 
differentiation through EdnrB signaling (Jaesang Kim et al., 2003; Yuli Watanabe et al., 2017). Ascl1 is critical 
for both enteric gliogenesis and enteric neurogenesis, specifically for dopaminergic neurons (Memic et al., 2016).  

Barton Journal, vol. 1, no. 1, Spring 2026 5 
https://bartonjournal.org/ 



In addition to vertebrate dopaminergic neurogenesis, research in invertebrates has provided insights into the 
mechanisms through which dopaminergic neurons arise during development. For example, identification and 
lineage tracing of heterogeneous populations of dopaminergic neurons in both embryonic and larval stages of 
Drosophila melanogaster have been completed (Hartenstein et al., 2016). While many factors required for 
dopaminergic neuron development are conserved, Drosophila dopaminergic neurons also require expression of 
genes like sim, wingless, and gooseberry, which encode transcription factors (sim and gooseberry) or Wnt family 
members (wingless) (Bhat, 2007; Duman-Scheel et al., 1997; X. Li & Noll, 1993; Nambu et al., 1990; Richter et 
al., 1998; Skeath et al., 1995). 

Further, hermaphroditic Caenorhabditis elegans have 302 neurons, eight of which are dopaminergic (J. Sulston 
et al., 1975; White et al., 1986). Of these eight dopaminergic neurons, there are four different classes that arise at 
different times during development, are located in different regions of the nervous system, and come from 
distinct cell lineages (J. E. Sulston et al., 1983; J. E. Sulston & Horvitz, 1977; White et al., 1986). Though these 
populations of neurons are distinct, several factors impact all 8 C. elegans dopaminergic neurons, including 
AST-1 (an ETS domain transcription factor), CEH-43 (a distal-less ortholog), and several Pbx genes (Doitsidou 
et al., 2008; Flames & Hobert, 2009; Siehr et al., 2011). Lin-32, which is a basic helix-loop-helix transcription 
factor, and a PAX6 homolog also regulate dopaminergic neuron identity and cell number, respectively 
(Doitsidou et al., 2008, 2013). Because C. elegans has distinct dopaminergic neuron populations, there are likely 
factors that are necessary for specific sets of dopaminergic neuron populations. At least one such factor has been 
identified. ztf-6 is a gene encoding a zinc finger transcription factor that regulates dopaminergic neurons in a 
lineage-specific manner, impacting distinct dopamine neuron-producing lineages differently (Doitsidou et al., 
2018).   

Dopaminergic Neurons & Parkinson’s Disease 

Loss or dysfunction of dopaminergic neurons is associated with neurological diseases and disorders like 
Alzheimer’s Disease (Nobili et al., 2017), Huntington’s Disease (Bédard et al., 2011; Rangel-Barajas et al., 2015), 
Multiple Sclerosis (Rangel-Barajas et al., 2015), and most commonly Parkinson’s Disease (Bédard et al., 2011; 
Damier et al., 1999; Hirsch et al., 1988; Parkinson, 2002). Parkinson’s Disease is a neurodegenerative disease that 
impacts motor and non-motor systems through loss of dopaminergic neurons in a section of the midbrain, the 
substantia nigra, that provides dopamine to the basal ganglia (Damier et al., 1999; Hirsch et al., 1988). Motor 
dysfunction is one of the earliest symptoms, with patients exhibiting tremors, hypokinesia, and rigidity 
(Parkinson, 2002). Parkinson’s Disease was initially thought to be a sporadic neurodegenerative disorder that 
had greater prevalence depending on certain environmental factors; genetic mutations have been identified in 
some familial forms of Parkinson’s Disease (Duvoisin, 1984; Lesage & Brice, 2009). The first gene mutation 
associated with Parkinson’s Disease was a mutation in the alpha-synuclein (SCNA) gene (Polymeropoulos et al., 
1997). One pathological hallmark of Parkinson’s Disease is the presence of alpha-synuclein aggregates in Lewy 
bodies or Lewy neurites in affected neurons. Aggregates also include other components like phosphorylated 
neurofilaments and ubiquitin (Srinivasan et al., 2021). The genetic mutation that conveys the greatest risk of 
Parkinson’s Disease occurs in a gene that encodes a lysosomal enzyme, glucocerebrosidase (GBA) (Sidransky et al., 
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2009; Sidransky & Lopez, 2012). Other genes implicated in Parkinson’s Disease include LRRK2 and parkin (or 
PARK2), which contribute to the most common forms of inherited Parkinson’s Disease (Matsumine et al., 
1998; Paisán-Ruíz et al., 2004; Zimprich et al., 2004). While there have been several genetic risk factors identified 
for Parkinson’s Disease, the vast majority of cases (85%) arise sporadically with no known hereditary cause 
(Matsumine et al., 1998; Paisán-Ruíz et al., 2004; Polymeropoulos et al., 1997; Sidransky et al., 2009; Sidransky 
& Lopez, 2012; Srinivasan et al., 2021; Trevisan et al., 2024; Zimprich et al., 2004). In these cases, environmental 
toxins and brain trauma may contribute to some, but not all, sporadic cases. 

Many neurodegenerative diseases, like Parkinson’s Disease and Amyotrophic lateral sclerosis, have been 
associated with the accumulation of protein aggregates (e.g., alpha-synuclein aggregates in Parkinson’s Disease) 
in degenerating and dying neurons (Koszła & Sołek, 2024; Polymeropoulos et al., 1997; Sweeney et al., 2017). 
Whether these protein aggregates are causative or correlated with neuronal decline remains controversial, but the 
evidence showing the presence of abnormal protein accumulation across neurodegenerative diseases is 
indisputable. Cells mount defenses to help fix proteostasis problems that may arise, including protein 
dysfunction and misfolding (Barmaki et al., 2023; Díaz-Villanueva et al., 2015). Neuronal chaperones are 
proteins that aid in several processes to help prevent neuronal death due to protein aggregation (Ellis, 1988; 
Hartl et al., 1992; Hartl, 1996). Chaperones assist in the folding of nascent or misfolded proteins into their 
correct three-dimensional structures and bind to misfolded proteins to prevent harmful aggregation. When 
chaperones are not successful, misfolded proteins are targeted to the ubiquitin-proteasome system for 
degradation (Satapathy & Wilson, 2022; Heather L. Smith et al., 2015). Because of their neuroprotective roles, 
neuronal chaperones and components of the ubiquitin-proteasome system could be a target for treatment of 
neurodegenerative diseases (Luo et al., 2010; Sharma et al., 2024). Increasing activity of key proteostasis factors 
could slow disease progression.  

Parkinson’s Disease is most commonly attributed to defects in the central nervous system, but dopaminergic 
neurons also exist outside the CNS in the peripheral nervous system, including the enteric nervous system 
(Chalazonitis et al., 2022; Chinta & Andersen, 2005). The majority of research on Parkinson’s Disease has 
focused on loss of dopamine in the CNS, specifically the substantia nigra (Barker et al., 2017; Björklund & 
Stenevi, 1979; Brundin et al., 1988; Damier et al., 1999; Freed et al., 2001; Nagarajan et al., 2014; Yang et al., 
2008). However, as early as 1931, researchers noticed Lewy bodies in neurons outside of the CNS (den Hartog 
Jager & Bethlem, 1960; Hechst & Nussbaum, 1931). Braak’s 6-stage theory proposes that Parkinson’s 
Disease-associated neurodegeneration begins in the PNS (specifically the ENS) and progresses to the CNS 
through the vagus nerve (Braak et al., 2003; Braak & Del Tredici, 2017). The Braak staging system is based on 
the progression of alpha-synuclein structures in over 100 Parkinson’s Disease patients presenting with 
alpha-synuclein aggregates (Braak et al., 2005, 2003). According to this model, the disease begins in the dorsal 
motor nucleus of the vagus nerve, eventually progressing and extending into and throughout parts of the brain 
(Braak et al., 2005, 2003). Though the clinical progression of Parkinson’s Disease cannot yet be fully explained, 
data support a spread of the disease between different parts of the nervous system. For example, several studies 
demonstrated accumulation of alpha-synuclein in the enteric nervous system before the CNS (Iranzo et al., 
2014; Kupsky et al., 1987; Qualman et al., 1984; Wakabayashi et al., 1988).  
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Parkinson’s Disease has been studied for over a century, yet there is no cure, and treatment options for 
Parkinson’s Disease revolve around managing symptoms through drugs that help increase dopamine synthesis 
and uptake. Levodopa has been considered the “gold standard” for treating symptoms of Parkinson’s Disease, 
however long-term use of the drug, which is the immediate precursor for dopamine synthesis in the substantia 
nigra, causes adverse side effects (Fahn, 2005; Grandas et al., 1998; Melamed, 1979; Salat & Tolosa, 2013; Sethi, 
2010; Tolosa et al., 1975). Alternatively, dopamine agonists can be used to activate dopamine receptors, but they 
also have negative side effects (Calne et al., 1974; Cotzias et al., 1970). In the past several decades, research on 
stem cell-based therapies emerged, with stem cells posing an attractive treatment option for introducing 
functioning dopaminergic neurons in affected areas. Dopaminergic neuron transplants in animal models began 
as early as the 1970s, with transplantation of rat fetal neurons into injured rodents (Björklund et al., 1976; 
Björklund & Stenevi, 1979). Pioneering work demonstrated that fetal dopamine neurons from rodents could be 
incorporated into a dopamine-deficient rodent brain and restore dopamine pathways, paving the way for 
experiments transplanting human fetal neurons in the same manner (Björklund et al., 1980, 1981; Ungerstedt et 
al., 1974). Grafting human fetal brain tissue into rodent models allowed functional recovery, though 
development and innervation of these cells took longer than the previously tested rodent cells (24 weeks 
opposed to 8 weeks) (Brundin et al., 1988). Not only are human dopamine neurons able to functionally recover 
in the immediate location of the graft, but they also extend axons over long distances to relevant cortical areas 
and the striatum of the transplanted rodent (Grealish et al., 2014; Moriarty et al., 2022; Wictorin et al., 1992; 
Xiong et al., 2021).  

Early clinical trials based on grafting human fetal ventral mesencephalic tissue into human patients reported 
variable results and no significant changes in Parkinson’s Disease patients, especially for recipients over 60 years 
old (Freed et al., 2001; Olanow et al., 2003). Further, a few subjects who received grafts were examined 11-24 
years later, and researchers found that grafted dopamine neurons displayed alpha-synuclein pathology similar to 
diseased neurons (Kordower et al., 2008; Jia Yi Li et al., 2008). The presence of Lewy bodies in transplanted cells 
suggested that Parkinson’s Disease can propagate from host cells to grafted cells, though the majority of the 
grafted cells were unimpaired after over a decade (Kordower et al., 2008; Jia Yi Li et al., 2008).  

In the 2010s, there were breakthroughs in human pluripotent stem cell therapies, including human embryonic 
stem cells (Thomson, 1998) and human induced pluripotent stem cells (Takahashi et al., 2007). The first 
protocols for generating dopamine neurons from human pluripotent stem cells were adapted from mouse 
protocols and included induction of neural differentiation and exposure of cells to morphogens and growth 
factors like Shh, FGF8, brain-derived neurotrophic factor, and glial cell line-derived neurotrophic factor 
(Sánchez-Pernaute et al., 2001; Sonntag et al., 2007; Zhang et al., 2001). Surprisingly, embryonic stem cell- and 
induced pluripotent stem cell-derived dopaminergic neurons performed poorly post transplantation and 
midbrain identity was not confirmed (Jong Hoon Kim et al., 2002; Sánchez-Pernaute et al., 2001; Yang et al., 
2008). Because midbrain dopamine neurons arise from floorplate progenitors marked by coexpression of 
FOXA2 and LMX1A, alternate protocols were then developed (Bonilla et al., 2008; Joksimovic et al., 2009; Ono 
et al., 2007). These adjustments, in combination with SMAD inhibition, early exposure to Shh, and Wnt 
pathway activation, allowed for the development of midbrain dopamine neurons that could functionally replace 
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disease-impacted cells after transplantation (Grealish et al., 2014; Kirkeby et al., 2012; Kriks et al., 2011). Clinical 
trials for dopamine cell therapy in humans began in the late 2010s and early 2020s, with two groups recently 
publishing results from their Phase I and/or Phase II trials (Sawamoto et al., 2025; Tabar et al., 2025). Emerging 
data suggest that dopaminergic cell therapies derived from either human pluripotent stem cells (Sawamoto et al., 
2025) or human embryonic stem cells (Tabar et al., 2025) could be safe and could produce clinical benefits for 
Parkinson’s Disease, including improved motor symptoms (Sawamoto et al., 2025; Tabar et al., 2025). While 
treatments for Parkinson’s Disease have improved over the past five decades, the most recent trials still indicate 
modest benefits, and long-term studies will still need to confirm the efficacy and persistence of cell-based 
therapies. Thus, additional interventions will likely be needed for a Parkinson’s Disease cure. 

Regenerative Capabilities Across the Animal Kingdom 

One possible approach to functionally restore cells in the case of nervous system injury could be inducing new 
production of neurons in the brain to replace diseased and dying cells. The ability to regenerate cells is common 
throughout non-human members of the animal kingdom, with many species repairing and healing neural tissue 
after injury through limited cell birth or de/transdifferentiation (Arenas Gómez et al., 2020; Iismaa et al., 2018; 
Tanaka & Reddien, 2011). Most mammals regenerate poorly, but some mammals are capable of regeneration 
limited to some tissues or developmental stages (Iismaa et al., 2018; Storer & Miller, 2020). For example, 
humans regenerate parts of organs like the liver, skin, and uterine lining (Cousins et al., 2022; Ferenczy et al., 
1979; Gargett & Ye, 2012; He et al., 2021; Rowlatt, 1979; Takeo et al., 2015; Wei et al., 2021). However, there 
are limitations to human regenerative ability, especially when it comes to the nervous system (Iismaa et al., 2018; 
Varadarajan et al., 2022). While humans can repair the peripheral nervous system to an extent, the ability to 
recover after central nervous system injury is extremely limited (Contreras et al., 2022; Gordon, 2020; 
Varadarajan et al., 2022; Widodo et al., 2025). Thus, brain injuries and diseases of the CNS are often incurable. 
Treatments for these debilitating diseases focus on prolonging life, rehabilitation, and palliative care or symptom 
reduction rather than a true cure (Fahn, 2005; Grandas et al., 1998; Shusharina et al., 2023; Tolosa et al., 1975).  

In contrast, some remarkable animals complete successful regeneration throughout the nervous system. Axolotls 
and zebrafish regenerate cells within the brain and spinal cord, though neither organism can fully reestablish 
perfect neuronal diversity and connectivity after injury (Amamoto et al., 2016; Caldwell et al., 2019). Zebrafish 
utilize a population of resident progenitors that give rise to mature cells in the locations where they are needed 
after injury (Grandel et al., 2006). While zebrafish and axolotls do possess incredible regenerative capabilities, the 
ability to regrow an entire nervous system de novo after injury is rare and limited to a small number of animals, 
including Hydra (a cnidarian) and planarian flatworms (Umesono & Agata, 2009; Hiroshi Watanabe, Hoang, et 
al., 2009). To answer questions specific to successful, whole-brain regeneration, I sought to use planarians due to 
their robust regeneration of the entire body, including all parts of the nervous system. 

Planarians As a Model for Regeneration 

Planarians are non-parasitic, freshwater flatworms of the phylum Platyhelminthes that are known for their 
remarkable regenerative capabilities. Though several species of planarians exist, scientists most often use two 
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species to study regeneration: Dugesia japonica and Schmidtea mediterranea. I used the asexual strain of S. 
mediterranea to answer questions about how successful nervous system regeneration occurs. S. mediterranea 
undergoes robust, whole-body regeneration and replenishes all tissues after nearly any injury, including the 
creation of the nervous system de novo (Inoue et al., 2004; Reddien & Sánchez Alvarado, 2004; Ross et al., 
2017). Planarians accomplish great regenerative feats through a population of adult pluripotent stem cells, called 
neoblasts, that give rise to all mature cell types in the planarian body (Baguñà et al., 1989; Morita et al., 1969; 
Wagner et al., 2011a; Wenemoser & Reddien, 2010). Stem cells produce new cells that differentiate to populate 
all mature organs in the body, as well as the connective tissue. Planarian pluripotent stem cells are found 
throughout the body and are only absent from the most anterior part of the head and the pharynx, the feeding 
organ, which are the only two parts of the animal that cannot regrow the rest of the body when isolated 
(Reddien et al., 2005).  

Pluripotent stem cells make up approximately 20% of all cells within the planarian body and respond to signals 
after injury (Hayashi et al., 2006; Reddien et al., 2005; Wagner et al., 2011b). In the instance of lost tissue, stem 
cells respond by dividing and moving to the location of injury to replenish lost cells and tissue (Baguñà et al., 
1989; Takeda et al., 2009; Wagner et al., 2011b; Wenemoser & Reddien, 2010). Planarians do not have resident 
progenitor cells within organs, so it is necessary for stem cells and their progeny to migrate to locations where 
they are needed. Planarian pluripotent stem cells respond to injury with two proliferative bursts, the first of 
which occurs at 6 hours and the second at 48 hours post-injury (Baguñà, 1976; Saló & Baguñà, 1984; 
Wenemoser & Reddien, 2010). Pluripotent stem cells divide to replenish the stem cell population and to create 
cells that differentiate and eventually mature into specified cell types.  

Planarian pluripotent stem cells, or neoblasts, were originally thought to be a relatively homogeneous 
population of cells defined by morphological characteristics like a large nucleus-to-cytoplasmic ratio, expression 
of Smedwi-1, and location in the mesenchymal tissue (Baguñà, 2012; Baguñà et al., 1989; Reddien et al., 2005). 
However, many studies have shown that the neoblast population is heterogeneous and that many neoblasts 
express specific markers of restricted cell fates (Molinaro & Pearson, 2016; Raz et al., 2021; van Wolfswinkel et 
al., 2014). Pluripotent neoblasts capable of repopulating the animal’s tissue and giving rise to all cell types are 
termed clonogenic neoblasts, though this is a functional definition rather than a molecular one (Reddien et al., 
2005). Four subpopulations have been identified that express Smedwi-1 as well as transcription factor-encoding 
genes that are tissue-specific. These neoblast populations—ζ-, σ-, γ-, and ν-neoblasts—are thought to be 
specialized progenitors with narrower fate (van Wolfswinkel et al., 2014). ζ-neoblasts are considered specialized 
cells that help maintain and give rise to the epidermal lineage, and they express high levels of genes like egr-1, 
fgfr-1, soxP-3, and zfp-1 (van Wolfswinkel et al., 2014). σ-neoblasts have a broad role in producing cells of several 
different lineages, including other neoblast types, like ζ-neoblasts (van Wolfswinkel et al., 2014). σ-neoblasts are 
characterized by high expression of genes such as soxP-1, soxB-1, fgfr-4, and nlk-1 (van Wolfswinkel et al., 2014). 
In this same study, a third population of neoblasts, considered to be a subclass of σ-neoblasts, was identified: 
γ-neoblasts. This population is likely an intestine-specific progenitor pool, and it is characterized by elevated 
expression of genes like gata4/5/6, hnf4, and nkx2.2 (van Wolfswinkel et al., 2014). Finally, a fourth population 
of neural-specific progenitors was identified and termed the ν-neoblasts. This neural-committed population of 
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neoblasts expresses high levels of genes, including ston-2, elav-1, and ptprd-9 (Molinaro & Pearson, 2016). 
Importantly, recent work indicates that stem cells with lineage-specific markers retain their potency and can 
return to a less specialized state after division, suggesting that pluripotency is not linked to a unique stem cell 
class in planarians (Raz et al., 2021). Additionally, work continues to reveal factors necessary for stem cell 
maintenance and function, as well as signals that tell a stem cell to differentiate and specialize into each mature 
cell type (Benham-Pyle et al., 2023; King et al., 2024).  

Planarian Organ Systems 

Planarians have complex organ systems, including nervous, muscle, digestive, epidermis, excretory, and 
reproductive systems that are held together by connective tissue called the parenchyma (Roberts-Galbraith & 
Newmark, 2015) (Figure 2A-D). For this work, I focus on the planarian nervous system, which is made up of a 
central nervous system, a peripheral nervous system found throughout the body, and a pharyngeal nervous 
system (PhNS) found in the planarian feeding organ (Roberts-Galbraith & Newmark, 2015; Ross et al., 2017) 
(Figure 2A-B). The central nervous system is composed of a bi-lobed brain, two nerve cords on the ventral side 
of the animal, and two eyespots on the dorsal side of the planarian (Agata et al., 1998; Carpenter et al., 1974; 
Krugelis MacRae, 1964) (Figure 2A). The brain also has brain branches that reach out laterally from the brain 
and relay chemosensory signals (MacRae, 1967) (Figure 2A). The peripheral nervous system is composed of 
nerve plexuses that sit between and around different organ systems (Figure 2B). The subepidermal nerve plexus 
innervates the space between the epidermis and the body wall musculature, and likely functions in sensory 
processes or in the regulation of epidermal motile cilia (Baguñà & Ballester, 1978) (Figure 2B). The submuscular 
nerve plexus is located below the muscle wall, and the gastrodermal nerve plexus surrounds the intestine 
(Baguñà & Ballester, 1978) (Figure 2B). The pharyngeal nervous system, composed of two ring-like nerve 
plexuses, is found solely within the pharynx and is important for pharyngeal movement in feeding behavior. 
While characterization of the CNS in planarians has been a focus of the field, the PNS remains poorly 
characterized, with sparse molecular and genetic information about the identities and developmental processes 
for PNS or PhNS neurons. The planarian nervous system contains dozens of neuron types, which have been 
defined by their gene expression and—less commonly—function. Planarian neurons produce several different 
neurotransmitters including acetylcholine, dopamine, GABA, octopamine, serotonin, norepinephrine, and over 
50 neuropeptides (Clay et al., 2025; Collins et al., 2010; Nishimura et al., 2010; Nishimura, Kitamura, 
Umesono, et al., 2008; Nishimura, Kitamura, Inoue, et al., 2008; Nishimura, Kitamura, Inoue, Umesono, Sano, 
et al., 2007; Nishimura, Kitamura, Inoue, Umesono, Yoshimoto, et al., 2007; Ong et al., 2016).  
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Figure 2 

Planarian Organ Systems 

 

Notes. A) Diagram of the planarian nervous system. Central nervous system (CNS) on left, peripheral nervous 
system (PNS) on right. B) Diagram of the digestive system. C) Diagram of planarian musculature. D) Diagram 
of the planarian excretory system. 

While we do not know the entire mechanism through which any neuron type is specified and differentiated, we 
do know some key regulators of the planarian nervous system. For example, soxB1-2, coe, and sim are required for 
broad nervous system regeneration (Cowles et al., 2013, 2014; Ross et al., 2017). ets-1 and hedgehog signaling are 
required for proper regeneration and patterning of planarian glia, neuronal support cells (Chandra et al., 2023; 
Wang et al., 2016). Finally, there has been substantial work to uncover mechanisms that allow specification and 
maturation of serotonergic neurons, including identification of pitx and lhx1/5-1 as terminal differentiation 
factors for neurons producing serotonin (Currie & Pearson, 2013; März et al., 2013). Importantly, additional 
factors required for determining the exact spatial and regional localization of neurons, and establishing neurons 
in the correct numbers, types, and ratios, have yet to be elucidated. Uncovering the mechanisms required for 
proper neuronal regeneration in the correct contexts for a single mature neuron type will likely provide critical 
information for differentiation pathways for other mature cell types in the planarian.  

Within the nervous system, we do know the entire pathway from a pluripotent stem cell to mature eye cells, 
including pigment cup cells and photoreceptor cells (Atabay et al., 2018; Emili et al., 2019; Lapan & Reddien, 
2011, 2012a). Planarians have two eyespots with mature cells, and a trail of eye progenitors that lead toward 
them (Agata et al., 1998; Carpenter et al., 1974; Inoue et al., 2004; Lapan & Reddien, 2011, 2012b). To 
determine the order in which transcription factors need to be active for proper eye formation, scientists 
completed a combination of fluorescent in situ hybridization experiments labeling stem cells, mature eye cells, 

Barton Journal, vol. 1, no. 1, Spring 2026 12 
https://bartonjournal.org/ 



and transcription factor-encoding mRNAs that were thought to act in the process (Lapan & Reddien, 2011). 
Transcription factor-encoding genes expressed with the stem cell marker were determined to mark early 
progenitors, and those expressed with the mature cell type marker were determined to act later in the lineage 
(Lapan & Reddien, 2011).   

We also know the entire pathway from a planarian pluripotent stem cell to mature epidermal cells, and we 
understand many of the factors at work in between (Eisenhoffer et al., 2008; Tu et al., 2015; Zhu & Pearson, 
2016). The combination of 5-bromo-2′-deoxyuridine labeling with in situ hybridization experiments allowed 
lineage tracing in planarians and created a guide for determining lineage for other cell types as well (Eisenhoffer 
et al., 2008). Other factors have been identified in pathways of specification for different mature cell types in the 
planarian, including muscle, gut, and protonephridia. Proper expression of genes such as myoD, foxF-1, nk4, 
gata4/5/6-2, and gata4/5/6-3 is required for proper planarian muscle regeneration (Cebrià, 2016; Lucila 
Scimone et al., 2017; Scimone et al., 2018). Regeneration and/or maintenance of cells in the intestine requires 
proper expression of genes like gli-1, RREB2, lhx2/9-1, lhx1/5-2, LDB1, SSDP2, and gata4/5/6 (Flores et al., 
2016; Forsthoefel et al., 2020; Medlock-Lanier et al., 2024; Molina et al., 2023). The planarian excretory system 
is governed by transcription regulators like six1/2-2, hunchback, eya, sall, and POU2/3 (Scimone et al., 2011). 
Additionally, an EGF receptor, EGFR-5, is required for proper branching morphogenesis and maturation of 
planarian protonephridia (Rink et al., 2011). 

Planarian Polarity and Body Plans 

In addition to replenishing all missing cells after injury, planarians faithfully reproduce the body plan with 
predictable patterning, using critical polarity signals that govern the body axes. Planarians have 
anterior-posterior, dorsal-ventral, and medial-lateral axes that are governed by distinct mechanisms. In 
planarians, the anterior-posterior axis is governed by posterior Wnt signaling proteins, similar to other metazoans 
(Hardin & King, 2008; Logan & Nusse, 2004; Marikawa, 2006; Schier & Talbot, 2005). β-catenin functions 
downstream of canonical Wnt signaling and inhibits anterior pole identity. Knockdown of β-catenin through 
RNA interference (RNAi) results in ectopic head growth and regeneration (Gurley et al., 2008; Iglesias et al., 
2008; Petersen & Reddien, 2008), indicating a negative regulation of brain regeneration.  

The planarian dorsal-ventral axis is governed by bone morphogenetic protein (BMP) and anti-dorsalizing 
morphogenetic protein (ADMP) signals. bmp4 is expressed dorsally and represses ventral admp (Gaviño & 
Reddien, 2011). In planarians, bmp4 is expressed in clusters of cells along the dorsal midline, as well as a small 
number of neurons in the brain and ventral nerve cords (Molina et al., 2007; Orii et al., 1998). After knockdown 
of bmp4, planarians experience ectopic eye expression, indented blastemas, and ultimate failure of regulation at 
the dorsal midline (Molina et al., 2007; Reddien et al., 2007). bmp4(RNAi) also causes increased admp 
expression, leading to the conclusion that bmp4 regulates admp through inhibitory mechanisms (Gaviño & 
Reddien, 2011). admp is expressed in cells along the ventral midline and cells at the lateral edges of the animal 
(Gaviño & Reddien, 2011). admp(RNAi) animals form indented blastemas and decreased regenerative abilities 
after a sagittal amputation. Knockdown of admp also led to decreased bmp-4 expression, suggesting that admp 
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activates expression of bmp-4 (Gaviño & Reddien, 2011). The dorsoventral regulators bmp and admp are also 
regulated by several other factors, including an expanded noggin family (Molina et al., 2007; Ogawa et al., 2002; 
William C. Smith & Harland, 1992).  

Planarians’ bodies are also organized along a medial-lateral axis. The medial-lateral axis is regulated by slit at the 
midline and lateral Wnt5 through reciprocal patterning (Cebrià et al., 2007; Gurley et al., 2010). slit is expressed 
along the midline of both the dorsal and ventral sides of the planarian (Cebrià et al., 2007), and knockdown of 
slit causes misexpression of wnt5 into the planarian midline (Gurley et al., 2010). In contrast, wnt5 is expressed 
lateral to the ventral nerve cords and peripherally around the planarian body (Gurley et al., 2010). wnt5(RNAi) 
leads to expression of slit outside the midline and towards the lateral edges of the animal (Gurley et al., 2010).  

Planarians faithfully regenerate their entire body, including their complex nervous system, after nearly any 
injury. Not only do planarians make the right cell types, but they do so in the correct locations, patterning, and 
ratios. Because of their remarkable regenerative capabilities, planarians are an ideal model with which to uncover 
mechanisms underlying successful nervous system regeneration. Revealing the factors required for regeneration 
and maintenance of their complex nervous system will not only further elucidate how planarians regrow 
without consequence, but could also inform research into therapies for neurological conditions, including brain 
injury and neurodegenerative disease. 

Specification of Dopaminergic Neurons in Planarians 

One of the larger goals of my thesis work was to determine the entire genetic pathway from a pluripotent stem 
cell to a mature dopaminergic neuron in planarians. I proposed a model in which combinatorial mechanisms 
specify regional location and neurotransmitter identity of dopaminergic neurons concurrently (Clay et al., 
2025). However, there is likely some sort of hierarchy to dopaminergic neuron specification, even if there is 
overlap in the transcriptional regulation. In an effort to parse out the order in which transcription factors are 
turned on to create dopaminergic neurons in the peripheral nervous system, orthogonal approaches could be 
used to determine whether fli1-2, irx-4/6, and soxB1-2 are expressed in the early or late progenitors. I found that 
fli1-2, irx-4/6, and soxB1-2 are all co-expressed with a broad stem cell marker, smedwi-1, and are therefore all 
expressed in at least some progenitor cells (Clay et al., 2025; Eisenhoffer et al., 2008). In irradiated animals, less 
specialized stem cells will go away first, followed by early progenitors, late progenitors, and finally mature cell 
types (Eisenhoffer et al., 2008). Looking at the expression of fli1-2, irx-4/6, and soxB1-2 in irradiated animals 
over a seven-day timeline will show which of these populations dies off first, providing insight into which of 
these transcription factor-encoding genes is expressed earliest within progenitors. 

In addition to determining the order of expression of the genes I have identified, there are likely other genes that 
are critical for regeneration and maintenance of dopaminergic neurons in planarians. My current hypothesis is 
that the genes I have identified are likely enriched for the middle of the specification pathway for dopaminergic 
neurons. Utilizing available single-cell transcriptomic data, it will be interesting to examine transcripts that are 
expressed in predicted early neural progenitor populations, especially those that express high levels of smedwi-1 
mRNA (Fincher et al., 2018). Another reverse genetic screen examining transcription factors at this stage could 
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provide insight into the earliest fate choices in the dopaminergic neuron pathway. Further, the bulk RNA 
sequencing I completed will provide information as to what genes may be working downstream in the pathway 
of dopaminergic neuron specification. Conducting a smaller-scale screen using the bulk RNA sequencing data 
will help identify additional genes required for the maintenance and maturation of dopaminergic neurons. 

Factors Influencing Planarian Neuronal Placement 

In my thesis work, I proposed a model in which combinations of transcription factor-encoding genes help 
specify dopaminergic neurons, both in their neurotransmitter identity and in their regional location (Clay et al., 
2025). However, there are likely other factors at play that help regulate both processes. One example is the 
consistent and robust body-patterning system that planarians possess (Reddien, 2018). Planarians have 
anterior-posterior, dorsal-ventral, and medial-lateral axes that are strictly regulated (Reddien, 2018). IRX family 
genes play conserved roles in vertebrates and invertebrates in mediating the dorsoventral axis (Glavic et al., 2002; 
Gómez-Skarmeta & Modolell, 2002; Itoh et al., 2002; Lecaudey et al., 2004). Interestingly, planarian irx-like has 
a polarized expression pattern and is only expressed on the ventral side of the animal. This raises the question of 
whether there are distinct factors regulating dopaminergic neurons in the dorsal and ventral PNS. IRX-like is a 
likely candidate in helping regulate ventral dopaminergic neurons, but how is this influenced by polarity 
signaling? Several factors have been identified as regulating polarity axes in planarians (Cebrià et al., 2007; 
Gaviño & Reddien, 2011; Gurley et al., 2008, 2010; Iglesias et al., 2011; Molina et al., 2007; Ogawa et al., 2002; 
Orii & Watanabe, 2007; Petersen & Reddien, 2008). Further characterizing the polarity of PNS cells will likely 
determine other factors impacting dopaminergic neuron fate and regionalization. 

Planarians As a Future Model for Neurodegeneration 

Unfortunately, there are currently no cures for neurodegenerative diseases, and treatment options available are 
used to manage symptoms (Cascione et al., 2020; Durães et al., 2018). Several models are being used to model 
neurodegeneration and identify potential pathways for investigation, including in vivo, in vitro, and in silico 
models (Dawson et al., 2018; Jones et al., 2022; Valadez-Barba et al., 2020). While these models have provided 
critical information in understanding the molecular mechanisms behind neurodegenerative diseases, with some 
studies resulting in clinical trials, more progress is needed. I reasoned that the use of another model system that 
already possesses perfect regenerative capabilities, including that of its complex nervous system, might provide 
complementary information and could reveal new molecular mechanisms underlying neurodegeneration. 

One approach I employed to model neurodegeneration in planarians was by identifying and characterizing 
planarian TAR DNA-binding proteins (TARDBPs). Protein aggregates are implicated in several 
neurodegenerative diseases, including Parkinson’s Disease, Alzheimer’s Disease, and amyotrophic lateral sclerosis 
(ALS) (Koszła & Sołek, 2024; Polymeropoulos et al., 1997; Sweeney et al., 2017). TDP-43 aggregates are 
specifically implicated in sporadic and genetic forms of ALS (Sreedharan et al., 2008; Suk & Rousseaux, 2020). 
However, the exact cause of neuron death after TDP-43 aggregation has yet to be elucidated. In one model, 
neurons with TDP-43 protein aggregates die due to toxicity when the protein becomes mislocalized and 
aggregated. In an alternate model, cellular health is primarily compromised due to the loss of healthy TDP-43 
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protein function. Planarians present a unique organism with which to study the cellular roles of TARDBP 
because planarians have five homologs of TDP-43. In other organisms with only one TDP-43 homolog, like 
mice, loss of TDP-43 is embryonic lethal (Kraemer et al., 2010). Because planarians have five TDP-43 homologs, 
we are able to knock down individual isoforms in the adult animal to examine the subfunctionality of TDP-43. 
Indeed, I was able to knock down each planarian homolog of TDP-43 and assess whether regeneration of the 
brain was impaired. I found that tdp-4 is required for proper planarian brain regeneration. Loss of planarian 
tdp-4 eventually led to animal death through lysis, which led me to examine whether tdp-4 regulated planarian 
stem cells. I found that tdp-4 causes a reduction in planarian stem cell abundance compared to controls, and I 
concluded that planarian TARDBPs regulate both brain regeneration and stem cell maintenance.  

Currently, most planarian researchers induce regeneration through tissue amputation or other drastic injury. 
However, this is not physiologically relevant for modeling neurodegeneration. I hypothesized that I might be 
able to model neurodegeneration in planarians in a manner that is more physiologically relevant to humans. I 
started by looking at the literature where dysfunction in neuronal chaperones and proteasomal subunits has 
been implicated in neurodegenerative disease (Ellis, 1988; Hartl et al., 1992; Hartl, 1996; Satapathy & Wilson, 
2022) (Figure 3). Using available single-cell transcriptomic data, I identified planarian homologs of chaperones 
and proteasomal subunits with enriched expression in the nervous system (Fincher et al., 2018). I narrowed this 
list down to twenty transcripts (e.g., heat shock factor, E3 ubiquitin ligase), which could be used for an RNAi 
screen to assess their impact on maintenance of brain size and function. Next, I would suggest investigating 
whether these RNAi conditions lead to neuronal death via protein aggregation. Utilizing TUNEL to examine 
cell death by apoptosis could help address the first possibility, and I have worked to develop this protocol in the 
lab (Kyrylkova et al., 2012). Further, a protein dye like Proteostat could be used to quantifiably examine protein 
aggregates in control compared to knockdown conditions (Navarro & Ventura, 2014). Developing planarians as 
a future model for studying neurodegeneration could prove pivotal in the field and would allow us to investigate 
neural loss in a system that is capable of robust regeneration to inform new approaches to tackling old questions.  

Figure 3 

Proteostasis Mechanisms for Neuronal Survival 

 

Note. Protein aggregates (black) accumulate in the cytoplasm, causing toxicity to neurons. Proteins involved in 
proteostasis (yellow and pink) work to prevent and break up protein aggregates.  
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Conclusion 

Throughout the body of my thesis work, I uncovered molecular mechanisms of planarian nervous system 
regeneration and proposed the development of planarians as a future model for neurodegeneration. Specifically, 
I showed that combinatorial mechanisms specify neuronal neurotransmitter identity and cellular regionalization 
for planarian dopaminergic neurons. For the first time in planarians, I examined the cellular roles of the five 
planarian TDP-43 homologs and determined their importance in brain regeneration, stem cell maintenance, 
and function. Finally, I provided the starting point for a fascinating avenue to develop planarians as a model 
with which to study neurodegeneration in a physiologically relevant manner. 
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Abstract  

Prion diseases are a rare form of infectious neurodegenerative disorders that can infect humans as well as other 
mammals and can also be transferred from mammals to humans. Currently, these  prion diseases remain both 
fatal and untreatable. These serious prion diseases are ultimately caused by the transformation of the prion 
protein (PrPᶜ), which is natively expressed in the central nervous system of mammals, into an infectious isoform, 
PrPˢᶜ. High resolution NMR and cryo EM structures of PrPᶜ and PrPˢᶜ have revealed vast structural differences 
between the two isoforms despite having the same amino acid sequence. While much is known about the 
specific structural differences between the native and infectious PrP isoforms, almost nothing is understood 
about the initial misfolding events triggering the PrPᶜ to fold into the PrPˢᶜ or the specific details of how a 
misfolded PrPˢᶜ infectious isoform and trigger a non-infectious PrPᶜ into the infectious isoform. Here, we 
provide a mathematical framework for studying prion structures and folding with the goal of building a 
predictive model. Leveraging experimentally derived constraints we demonstrate a topology-based model that 
enables a dimensionality reduction of the coordinate space by projection onto the contact space, thus enabling 
more efficient analysis of the interacting residues and interactions driving the PrPᶜ misfolding to PrPˢᶜ.  Now 
that this framework is established, we will integrate with biophysical,  structural, and machine learning analyses 
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to explore the cellular factors that act as predictors for triggering a prion protein misfolding event.  

Keywords: prion diseases, protein misfolding, prion protein, neurodegenerative disorders,  mathematical 
modeling, topology, dimensionality reduction, contact space analysis, structural  biology 

 

Introduction  

Prion diseases are a class of transmissible neurodegenerative disorders affecting a wide range of mammalian 
species. Human-specific prion diseases include Creutzfeldt-Jakob Disease  (CDJ), Kuru, or Fatal Familial 
Insomnia (FFI) and remain untreatable and fatal. Prion diseases result when a transmutation of PrPᶜ, which is 
natively expressed in neurological tissue in mammals, is transformed into the infectious isoform, PrPˢᶜ. 
Aggregation of the prion misfold causes a rapid deterioration of the neuron expressing fibril chains of PrPˢᶜ 
(Miranzadeh  Mahabadi & Taghibiglou, 2020).   

Much like a viral disease, PrPˢᶜ ultimately spreads and infects other nervous tissue in the central nervous system 
(CNS) of any host mammal. Although both isoforms share identical primary amino acid sequences consisting of 
approximately 210 residues after post-translational processing, where the difference lies in secondary and tertiary 
structure, resulting in a distinct fold between the two isoforms. PrPᶜ adopts a globular fold containing three 
𝑎-helices and two short 𝛽-sheets while PrPˢᶜ adopts a 𝛽-sheet rich fibrillar architecture, typically forming parallel,  
in-register 𝛽-sheets (Kovač & Čurin Šerbec, 2022; Kraus et al., 2021; Wille & Requena, 2018). Structural studies 
have identified structural variability in the 𝛽2–𝑎2 loop (residues 165- 175) and the 𝑎2–𝑎3 interhelical interface 
(residues 185-209), regions that are implicated in the transition from PrPᶜ to PrPˢᶜ (Kraus et al., 2021). These 
regions provide plausible candidates for residue pairs (i′, j′) that contribute to the distance discrepancies between 
corresponding residue pairs, which can be measured with contact graphs and their threshold proximities. 
Residue pairs that show the largest differences in the contact maps are potential candidates for driving the 
misfold and structural separation between PrPᶜ and PrPˢᶜ.  

Prion proteins can take on many variations with one example being 1FO7, which is a  mutant fragment from 
residues 90-231 containing 60 total conformations calculated, 30 of which  have been verified and submitted. 
The same is true for a mammalian vector such as the Syrian  Hamster (M. auratus), which examines residues 
90-231 and has 100 calculated structures, 25 of which confirm the overall structural conformation of 2 𝛽-sheets 
and 3 𝑎-helices with sequences binding the 5 main structures of the globular domain.   

The precise mechanism of this structural transition remains incompletely understood. This paper integrates 
topological and distance-geometric analyses to reveal the mechanism(s) of  PrPᶜ and its infectious isoform PrPˢᶜ. 
Subsequent stereochemical and structural analysis is used to map mathematical findings to the protein 
structures and reveal the underlying residue interactions driving prion protein misfolding.  
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Mathematical Methodology 

The primary aim is to demonstrate through proof that a transformation from PrPᶜ to PrPˢᶜ is defined and then 
map the mathematical transformation onto the prion protein isoform  structures. While the real-world 
infectivity of the PrPˢᶜ protein misfold is known, much is left  unknown about misfolding initiating and 
propagation mechanisms. Resolving these mechanisms  of pathogenesis requires a fresh perspective. We provide 
a mathematical model of structural  transformation for representative prion protein structures 1QLX and 6LNI 
in ℝ¹, ℝ², and  ℝ³ representing sequence, contacts, and coordinate space, respectively. Given that we need a  
concrete and strong initial base, we can break down the analysis into multiple categories of  application. 

Proof in ℝ¹  

Axiom 1:  

Let ∑ denotate the 20-letter amino acid alphabet. Post-enzymatic trimming, a mature PrP consists of 210 amino 
acid sequences. Therefore the sequence space is defined as;  

𝑆 = ∑²¹⁰ where, ∑²¹⁰ = {𝑎ᵢ ∈ ∑ | (𝑎₁, 𝑎₂, 𝑎₃, … , 𝑎₂₁₀) }.  

In addition, there does exist some 𝑠 ∈ 𝑆 which represents an ordered 210-residue sequence. 

Axiom 2:  

Let 𝐽: 𝑆 → 𝑌 be an invariant and define a relation ~ᴊ on 𝑆 by:  

𝑠 ~ᴊ 𝑡 ⟺ 𝐽(𝑠) = 𝐽(𝑡)  

Lemma 1: Invariant-Induced Relations is an Equivalence Relation.  

Claim: For any function 𝐽: 𝑆 → 𝑌, the relation ~ᴊ is an equivalence relation on 𝑆. 

Proof: Define the following terms: 

i. Reflexivity: ∃𝑎 such that, 𝑎 = 𝑎 
ii. Symmetry: ∃𝑎, 𝑏 such that, 𝑎 = 𝑏 & 𝑏 = 𝑎 
iii. Transitivity: ∃𝑎, 𝑏, 𝑐 such that, 𝑎 = 𝑏 and 𝑏 = 𝑐 ⟹ 𝑎 = 𝑐.  

Projecting these terms onto the initial claim results in: 

i. If 𝐽(𝑠) = 𝐽(𝑠), then 𝑠 ~ᴊ 𝑠 
ii. If 𝐽(𝑠) = 𝐽(𝑡), then 𝐽(𝑡) = 𝐽(𝑠) 
iii. If 𝐽(𝑠) = 𝐽(𝑡) and 𝐽(𝑡) = 𝐽(𝑢), then 𝐽(𝑠) = 𝐽(𝑢) . 

Which then implies ~ᴊ is reflexive, symmetric, and transitive. ∎ 
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Axiom 3:  

Define the identity invariance as:  

𝐽₁: 𝑆 → 𝑆, 𝐽₁(𝑠) = 𝑠,  

Then the relation will satisfy:  

𝑠 ~ᴊ₁𝑡 ⟺ 𝑠 = 𝑡.  

Because the prion conversion from globular PrPᶜ to infectious isoform PrPˢᶜ is solely a conformational change 
and not a sequence or residue change, we can establish that the sequence is preserved regardless of 
conformational change. So, if we take some sequence:  

𝑠꜀, 𝑠ₛ꜀ ∈ 𝑆 

Then the mature sequence residues will exist as:  

𝑠꜀ = 𝑠ₛ꜀.  

Theorem 1: PrP Sequence Indistinguishability  

Claim: under the primary invariance 𝐽₁, PrPᶜ and PrPˢᶜ lie on the same equivalence class  𝑆 ⁄ ~ᴊ₁.  

Since: 𝑠꜀ = 𝑠ₛ꜀ we can say:  

𝐽₁(𝑠꜀) = 𝑠꜀ = 𝑠ₛ꜀  = 𝐽₁(𝑠ₛ꜀ )  

⟹ 𝐽₁(𝑠꜀) = 𝐽₁(𝑠ₛ꜀ )  

⟹ 𝑠꜀ ~ᴊ₁ 𝑠ₛ꜀  

⟹ [𝑠꜀]ᴊ₁ = [𝑠ₛ꜀ ]ᴊ₁ ∎ 

Corollary for Theorem 1: Failure of Sequence-Level Detection Must Exist  

Claim: no invariant depending solely on primary sequence identity can distinguish PrPᶜ from PrPˢᶜ.  

Since: 𝑠꜀ = 𝑠ₛ꜀ we can use direct substitution to impose:  

⟹ 𝐽(𝑠꜀) = 𝐽(𝑠ₛ꜀).  

Therefore, if every invariant is defined solely on a primary sequence PrP which is contained in the enzymatic 
trimmed chain ∑²¹⁰, then both PrPᶜ and PrPˢᶜ are indistinguishable. This is further elaborated in the biological 
perspective in which the PrP parent chain can be expressed either as the infectious fibril misfold or the native 
globular protein. Thus:  
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(PrPᶜ = PrPˢᶜ) ⊂ ℝ¹ ∎ 

Because experimentally we know that a misfold occurs somewhere in the protein life cycle, we are going to 
assume that fact and proceed forward in a fashion that emphasizes  mathematical perspective. The goal is to then 
prove the non-congruence of PrPᶜ and PrPˢᶜ in ℝ² and ℝ³. As shown above, the ℝ¹ sequence space is congruent 
in residue sequence, however the two isoforms are known to be non-congruent in conformation. As the 
conformational ℝ³ space is better described experimentally than the ℝ² contact space, the proof in ℝ³ will be 
written first to easily observe the difference in structural conformation. That difference or conformational 
change in structure will be more easily presented through contact maps in the ℝ² proof. 

 Proof in ℝ³ 

Axiom 4: Index Set  

Let 𝐼 be a finite residue index set on which both coordinate models supply. Concretely, 𝐼 is taken to be the 
intersection of the residue indices present in:  

● PrPᶜ, which exists as a globular C-terminal domain and has 3 𝑎-Helices and a short β sheet  

● PrPˢᶜ, presents parallel in-register intermolecular β-sheets  

𝐼 = (𝐶) ∩ (𝑆𝑐).  

Defining 𝐼 as the overlap avoids any non-trivial index matching assumptions beyond the correlation to 
coordinates and labeled residues.  

Axiom 5: Projection Mapping  

Fix a representative atom per residue then define the embeddings as:  

𝐹𝑐:𝐼 → ℝ³, 𝐹𝑠𝑐:𝐼 → ℝ³  

Where 𝐹𝑐(𝑖) and 𝐹𝑠𝑐(𝑖) be the 3D coordinates of the mmCIF atoms for the common residues in  1QLX and 
6LNI, representing PrPᶜ and PrPˢᶜ, respectively.  

Axiom 6: Rigid Motion  

A rigid motion in ℝ³ specifically is a representative mapping in form:  

𝑔(𝑥) = 𝑅𝑥 + 𝑣, 𝑅 ∈ 𝑂(3), 𝑣 ∈ ℝ³. 

Where the matrix 𝑅 belongs to the orthogonal group 𝑂(3), defined as:  

𝑂(3) = {ℝ ∈ ℝ³ˣ³| 𝑅ᵀ𝑅 = 𝐼}  

The main advantage of orthogonal matrices is that they preserve Euclidean inner product and thus lengths and 
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pairwise distances. Consequently, any transformation of the form 𝑔(𝑥) = 𝑅𝑥 + 𝑣 where 𝑅 ∈ 𝑂(3) and 𝑣 ∈ ℝ³ is 
a Euclidean isometry of ℝ³. Distance matrices are therefore invariant under such transformations.  

Axiom 7: Euclidean Congruence  

Define 𝐹𝑐 and 𝐹𝑠𝑐 as congruent if there exists a rigid motion 𝑔 such that:  

𝐹𝑠𝑐(𝑖) = 𝑔(𝐹𝑐(𝑖)), ∀𝑖 ∈ 𝐼 

Axiom 8: Distance Matrix on an Embedding  

For an embedding in the projection 𝐹:𝐼 → ℝ3, define its distance matrix 𝐷ꜰ such that: 

𝐷ꜰ:𝐼 × 𝐼 → ℝ≥₀, 𝐷ꜰ(𝑖,𝑗) = ‖𝐹(𝑖) − 𝐹(𝑗)‖.  

Given the following axioms, we can begin to establish lemmas 2 and 3 which state claims  that rigid motion 
preserves pairwise distance, which was previously assumed in axiom 7 as well  as a contrapositive separation.  

Lemma 2: Rigid Motion Preserves Pairwise Distance  

Claim: if 𝐹𝑠𝑐 = 𝑔(𝐹𝑐) for a rigid motion 𝑔 then:  

𝐷ꜰₛ꜀ (𝑖,𝑗) = 𝐷ꜰ꜀ (𝑖,𝑗), ∀𝑖,𝑗 ∈ 𝐼.  

Proof: ∀𝑖,𝑗 ∈ 𝐼:  

𝐷ꜰₛ꜀ (𝑖,𝑗) = ‖𝐹𝑠𝑐(𝑖) − 𝐹𝑠𝑐(𝑗)‖ = ‖𝑔(𝐹𝑠𝑐(𝑖)) − 𝑔(𝐹𝑠𝑐(𝑗))‖.  

Given axiom 7 we can establish 𝑔(𝑥) = 𝑅𝑥 + 𝑣 with 𝑅 ∈ 𝑂(3) such that: 

‖𝑔(𝑎) − 𝑔(𝑏)‖ = ‖𝑅(𝑎 − 𝑏)‖ = ‖𝑎 − 𝑏‖.  

Therefore:   

𝐷ꜰₛ꜀ (𝑖,𝑗) = ‖𝐹𝑠𝑐(𝑖) − 𝐹𝑠𝑐(𝑗)‖ = ‖(𝑅𝐹𝑐(𝑖) + 𝑣) − (𝑅𝐹𝑐(𝑗) + 𝑣)‖ = ‖𝑅(𝐹𝑐(𝑖) − 𝐹𝑐(𝑗))‖ = ‖𝐹𝑐(𝑖) − 𝐹𝑐(𝑗)‖ = 𝐷ꜰₛ꜀ (𝑖,𝑗) ∎ 

Lemma 3: Contrapositive Separation  

Claim: If there exists a pair 𝑖,𝑗 ∈ 𝐼 such that:  

𝐷ꜰₛ꜀ (𝑖,𝑗) ≠ 𝐷ꜰ꜀(𝑖,𝑗),  

then there is no rigid motion 𝑔 where 𝐹𝑠𝑐 = 𝑔(𝐹𝑐).  

Proof: If lemma 2 holds true that if rigid motion 𝑔 exists with 𝐹𝑠𝑐 = 𝑔(𝐹𝑐), then all  corresponding pairwise 
distances must agree:   

𝐷ꜰₛ꜀ (𝑖,𝑗) = 𝐷ꜰ꜀(𝑖,𝑗), ∀𝑖,𝑗 ∈ 𝐼.  
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Which is the implicit contrapositive of lemma 2 and thus if even 1 pair of residues satisfies: 

𝐷ꜰₛ꜀ (𝑖,𝑗) ≠ 𝐷ꜰ꜀(𝑖,𝑗)  

Then the embeddings cannot be related by any rigid motion. Therefore, 𝐹𝑠𝑐 and 𝐹𝑐 are not 
Euclidean-congruent. ∎ 

This, however, is not sufficient evidence alone to establish a loose non-congruence of  Euclidean space 
structures; there must be a witnessed pair that either one structure has, but the other one does not.  

Axiom 9: Supremum of Distance Matrixes  

Define the discrepancy between the two embeddings by the following:  

Δ∞(𝐹𝑐, 𝐹𝑠𝑐) =  |𝐷ꜰ꜀ (𝑖,𝑗) − 𝐷ꜰₛ꜀ (𝑖,𝑗)|.  

Since 𝐼 is a finite set, this maximum will exist. This quantity represents the largest pairwise distance disagreement 
between the two respective embeddings.  

Theorem 2: ℝ³ Non-Congruence Explicit  

Claim: From experimental data we assume:  

Δ∞(𝐹𝑐, 𝐹𝑠𝑐) > 0 

Therefore, there exists no rigid motion:  

𝑔(𝑥) = 𝑅𝑥 + 𝑣, 𝑅 ∈ 𝑂(3),   

such that:  

𝐹𝑠𝑐 = 𝑔(𝐹𝑐).  

Proof: If the embeddings were Euclidean congruent, then by Lemma 2:  

𝐷ꜰₛ꜀ (𝑖,𝑗) = 𝐷ꜰ꜀ (𝑖,𝑗), ∀𝑖,𝑗 ∈ 𝐼 

⟹ Δ∞(𝐹𝑐, 𝐹𝑠𝑐) = 0. 

This contradicts the experimentally derived assumption that Δ∞(𝐹𝑐, 𝐹𝑠𝑐) > 0 and thus implies that there exist 
no rigid motion mapping 𝐹𝑐 to 𝐹𝑠𝑐. ∎ 

We then need to construct a witnessed pair that exists as the set’s maximum pair, so we  then define:  

(𝑖’,𝑗’) ∈ 𝐼 × 𝐼 

Such that:  
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Δ∞(𝐹𝑐, 𝐹𝑠𝑐) = |𝐷ꜰ꜀(𝑖’,𝑗’) − 𝐷ꜰₛ꜀ (𝑖’,𝑗’)|  

This identifies residues whose specific spatial separation has the largest discrepancy between the two 
embeddings. Thus:  

𝐷ꜰ꜀ (𝑖’,𝑗’) ≠ 𝐷ꜰₛ꜀ (𝑖’,𝑗’),  

which confirms an explicit geometric witness of the non-congruence between PrPᶜ and PrPˢᶜ. To further 
strengthen the above theories and lemmas we will construct a contact graph.  

Axiom 10: Contact Graph by an Embedding  

Let the function 𝐹 be defined as the projection of 𝐼 onto real space:  

𝐹:𝐼 → ℝ³  

Where 𝐼 is an embedding of a finite index set, as previously stated. This allows for any fixed  threshold δ > 0 to 
define the graph 𝐺(𝐹, δ) with edge set 𝐸(𝐹, δ) such that:  

𝐺(𝐹, δ) = (𝐼, 𝐸(𝐹, δ)), 

Where: 

 (𝑖,𝑗) ∈ 𝐸(𝐹, δ) ⟺ ‖𝐹(𝑖) − 𝐹(𝑗)‖ ≤ δ and |𝑖 − 𝑗| > 2.  

Theorem 3: Separation of Contact Graphs  

Claim: If:  

Δ∞(𝐹𝑐, 𝐹𝑠𝑐) > 0,  

then ∃δ > 0, such that:  

𝐺(𝐹𝑐, δ) ≠ 𝐺(𝐹𝑠𝑐, δ).  

Proof: Because we know from the experimental assumption: 

Δ∞(𝐹𝑐, 𝐹𝑠𝑐) > 0,  

then there exist a witnessed pair such that:  

𝐷ꜰ꜀ (𝑖’,𝑗’) ≠ 𝐷ꜰₛ꜀ (𝑖’,𝑗’).  

So, without loss of generality, we can assume:  

𝐷ꜰ꜀ (𝑖’,𝑗’) < 𝐷ꜰₛ꜀  (𝑖’,𝑗’).  

We will choose a δ such that:  
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δ = .  

This then implies the following transformations:  

𝐷ꜰ꜀ (𝑖’,𝑗’) ≤ δ < 𝐷ꜰₛ꜀ (𝑖’,𝑗’)  

⟹ (𝑖’,𝑗’) ∈ 𝐸(𝐹𝑐, δ) and ∄(𝑖’,𝑗’) ∈ 𝐸(𝐹𝑠𝑐, δ)  

∴ 𝐸(𝐹𝑐, δ) ≠ 𝐸(𝐹𝑠𝑐, δ) 

⟹ 𝐺(𝐹𝑐, δ) ≠ 𝐺(𝐹𝑠𝑐, δ). ∎ 

This establishes that there exists at least one witnessed pair (𝑖’,𝑗’) that belongs to one edge set but not the other, 
which implies that the corresponding contact graphs are non-congruent. To further this idea if we take into 
account the findings of Miranzadeh Mahabadi &  Taghibiglou (2020), then we can observe that conformational 
misfolds of PrPᶜ → PrPˢᶜ lies within the β2-𝑎2 loop region (residues 165–175), and the 𝑎2-𝑎3 inter-helical 
interfaces (residues  185–200) of PrPᶜ.  

Proof in ℝ²  

Axiom 11: Orthogonal Planar Projections  

Retain the same embeddings from the proof in ℝ³ and with the same embeddings  allowing 𝐼 to be a finite index 
set of the specific PrP parent chain sequence:  

𝐹𝑐, 𝐹𝑠𝑐: 𝐼 → ℝ³.  

If we then define 3 standard orthogonal planar projections, such that for any orthogonal  projection denoted 𝑂 
can be represented as:  

𝑂𝑥𝑦(𝑥, 𝑦, 𝑧) = (𝑥, 𝑦), 𝑂𝑥𝑧(𝑥, 𝑦, 𝑧) = (𝑥, 𝑧), 𝑂𝑦𝑧(𝑥, 𝑦, 𝑧) = (𝑦, 𝑧).  

This reduction of geometric space gives 3 possible geometric planes as a result of each 𝑂𝑎,𝑏: ℝ³ → ℝ², which is a 
linear mapping of ℝ³ → ℝ² created by deleting a single coordinate.   

Axiom 12: Distance Structure Under Planar Projection 

We can further define this mapping such that for any planar projection 𝐹:𝐼 → ℝ² we  define the embedding as:  

𝐷ꜰ(𝑖,𝑗) = ‖𝐹(𝑖) − 𝐹(𝑗)‖,  

where the double brackets denote the Euclidean norm on ℝ², which is:  

‖𝑥‖ = , ∈ ℝ².  
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Additionally, we state that for 𝑃 ∈ {𝑂𝑥𝑦,𝑂𝑥𝑧, 𝑂𝑦𝑧}:  

𝐷  (𝑖,𝑗) = ‖𝑃(𝐹𝑐(𝑖) − 𝐹𝑐(𝐹𝑐))‖, 𝐷  (𝑖,𝑗) = ‖𝑃(𝐹𝑠𝑐(𝑖) − 𝐹𝑠𝑐(𝑗))‖. 

Axiom 13: Threshold Contact Graph on Planar Projections  

To define the threshold graph on this 2-dimensional plane, we need to show that there exists some δ > 0 such 
that:  

𝐺(𝐹, δ) = (𝐼, 𝐸(𝐹, δ)),  

where some ordered pair (𝑖,𝑗) ∈ 𝐼 can be defined as:  

(𝑖,𝑗) ⊂ 𝐸(𝐹, δ) ⟺ ‖𝐹(𝑖) − 𝐹(𝑗)‖ ≤ δ and |𝑖 − 𝑗| > 2.  

Lemma 4: Projection Identities  

Claim: let there exist some vector ω such that ω = (𝑥, 𝑦, 𝑧) ∈ ℝ³, then we can show: 

‖𝑂𝑥𝑦(ω)‖²+ ‖𝑂𝑥𝑧(ω)‖² + ‖𝑂𝑦𝑧(ω)‖² = 2‖ω‖².  

Proof: ω = (𝑥, 𝑦, 𝑧), which implies the following cases:  

𝑂𝑥𝑦(ω) = (𝑥, 𝑦), 𝑂𝑥𝑧(ω) = (𝑥, 𝑧), 𝑂𝑦𝑧(ω) = (𝑦, 𝑧) 

⟹ ‖𝑂𝑥𝑦(ω)‖²= 𝑥² + 𝑦²  

⟹ ‖𝑂𝑥𝑧(ω)‖² = 𝑥² + 𝑧²  

⟹ ‖𝑂𝑦𝑧(ω)‖²= 𝑦² + 𝑧².  

This then give us:  

(𝑥² + 𝑦²) + (𝑥² + 𝑧²) + (𝑦² + 𝑧²)  

⟹ 2𝑥² + 2𝑦² + 2𝑧²  

⟹ 2(𝑥² + 𝑦² + 𝑧²)  

The internal portion of this product can be identified as the Euclidean norm in ℝ³, which  brings us back to our 
original vector that was proposed so we can conclude that:  

𝑥² + 𝑦² + 𝑧² = ‖ω‖² ⟹ 2(𝑥² + 𝑦² + 𝑧²) = 2‖ω‖²  

∴ ‖𝑂𝑥𝑦(ω)‖²+ ‖𝑂𝑥𝑧(ω)‖² + ‖𝑂𝑦𝑧(ω)‖²= 2‖ω‖² ∎ 

Lemma 5: Imposed Witness to Projection Identities  
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Claim: using the same pair of witnessed points (𝑖’,𝑗’) ∈ 𝐼 such that the witnessed points  must exist in one plane 
or the other, allowing us to say:  

‖𝐹𝑐(𝑖′) − 𝐹𝑐(𝑗′)‖ ≠ ‖𝐹𝑠𝑐(𝑖′) − 𝐹𝑠𝑐(𝑗′)‖  

⟹ ∃𝑃 ∈ {𝑂𝑥𝑦,𝑂𝑥𝑧, 𝑂𝑦𝑧} such that,  

𝐷  (𝑖’,𝑗’) ≠ 𝐷  (𝑖’,𝑗’).  

Proof: denote vectors 𝑣 and 𝑢 such that: 

𝑣 = 𝐹𝑐(𝑖′) − 𝐹𝑐(𝑗′), and 𝑢 = 𝐹𝑠𝑐(𝑖′) − 𝐹𝑠𝑐(𝑗′).  

Given the hypothesis, neither 𝑣 nor 𝑢 can equal each other so we state that both 𝑣 and 𝑢 are  unique vectors to 
the specific witnessed pair (𝑖’,𝑗’) thus:  

‖𝑣‖ ≠ ‖𝑢‖.  

To demonstrate this, we will assume a contradiction that all 3 projections give equal  distances on the plane:  

‖𝑂𝑥𝑦(𝑣)‖ = ‖𝑂𝑥𝑦(𝑢)‖, ‖𝑂𝑥𝑧(𝑣)‖ = ‖𝑂𝑥𝑧(𝑢)‖, ‖𝑂𝑦𝑧(𝑣)‖ = ‖𝑂𝑦𝑧(𝑢)‖. 

Given lemma 4 we can then say:  

‖𝑂𝑥𝑦(𝑣)‖²+ ‖𝑂𝑥𝑧(𝑣)‖² + ‖𝑂𝑦𝑧(𝑣)‖²= ‖𝑂𝑥𝑦(𝑢)‖²+ ‖𝑂𝑥𝑧(𝑢)‖² + ‖𝑂𝑦𝑧(𝑢)‖² 

⟹ 2‖𝑣‖² = 2‖𝑢‖²  

⟹ ‖𝑣‖ = ‖𝑢‖  

Thus, we reach a contradiction, and this shows that at least one of the coordinate planar  projections must 
satisfy that:  

‖𝑃(𝑣)‖ ≠ ‖𝑃(𝑢)‖  

⟹ 𝐷  (𝑖’,𝑗’) ≠ 𝐷  (𝑖’,𝑗’)  

for some unique projection 𝑃 ∈ {𝑂𝑥𝑦,𝑂𝑥𝑧, 𝑂𝑦𝑧}.∎ 

Theorem 4: Separating Planar Groups  

If there exist a witnessed pair (𝑖’,𝑗’) ∈ 𝐼 such that: 

‖𝐹𝑐(𝑖’) − 𝐹𝑐(𝑗′)‖ ≠ ‖𝐹𝑠𝑐(𝑖’) − 𝐹𝑠𝑐(𝑗′)‖, 𝑃 ∈ {𝑂𝑥𝑦,𝑂𝑥𝑧, 𝑂𝑦𝑧}  

with a unique threshold δ > 0 such that:  
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𝐺( , δ) ≠ 𝐺( , δ).  

Proof: Induce lemma 5 and then choose one of the 3 unique planar projections 𝑃: 

𝐷  (𝑖’,𝑗’) ≠ 𝐷  (𝑖’,𝑗’).  

Without a loss of generality, we can assume:  

𝐷  (𝑖’,𝑗’) < 𝐷  (𝑖’,𝑗’). 

We then take a δ by the midpoint threshold such that:  

δ = ,  

which gives the statement:  

𝐷  (𝑖’,𝑗’) ≤ δ < 𝐷  (𝑖’,𝑗’)  

⟹ (𝑖’,𝑗’) ∈ 𝐸( , δ)  

⟹ (𝑖’,𝑗’) ∉ 𝐸( , δ).  

This then allows us to establish that the edge sets are not equal:  

𝐸( , δ) ≠ 𝐸( , δ)  

⟹ 𝐺( , δ) ≠ 𝐺( , δ)∎ 

With an established witnessed pair existing, we can say that on the ℝ2 plane, there is at  least one pair of 
coordinate projections that preserves distance inequality, as well as the threshold for that planar distance 
inequality produces graph separation.  

Application  

To demonstrate a provable and direct contact graph inequality, we need to interpret the proof through the 
biological context from which it was derived. The solution NMR structure  1QLX contains the experimentally 
determined 3D coordinates for globular PrPᶜ (Bank, 1999)  and, alternatively, the coordinates for misfolding 
amyloid fibril PrPˢᶜ are deposited in the high-resolution (2.70 Å ) cryogenic electron microscopy (cryo-EM) 
structure (Data, 2019). This amyloid structure is a parallel in-register intermolecular beta sheet stack or PIRIBS 
(Data, 2019;  Zahn et al., 2000). Several hypotheses propose mechanisms for both the initiating structural 
change within a neuron and the propagation of the infectious isoform. Here, we apply our mathematical 
framework with hopes to provide evidence in support of one of the plausible mechanisms of misfolding and 
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infectivity. To do so we apply the previously derived theorems that explain ℝ² & ℝ³.  

Applied proof in ℝ¹  

While the PrPᶜ and PrPˢᶜ proteins have the same amino acid sequence, there are some differences in the 
experimentally determined coordinate structure because of the protein purification process. Specifically, the 
prion protein purification protocol used to determine the  1QLX structure has a 17 amino acid residue 
N-terminal tail and a thrombin cleavage site engineered in. This engineered N-terminal sequence in PrPᶜ 
structure results in a direct  difference in the encoding between PrPᶜ and PrPˢᶜ such that there exist 2 N-terminal 
residues in the beginning of the 1QLX sequence as well as an N-terminus residue and C-terminal residue on  the 
6LNI. To accommodate this artifactual sequence change, we limit our analysis to the shared set of residues. This 
reduces the core residue count from each chain of 210 on each respective protein down to 208. This then allows 
us to analyze the following sequence code for Major Prion  Protein (MPP):  

KKRPKPGGWNTGGSRYPGQGSPGGNRYPPQGGGGWGQPHGGGWGQPHGGGWGQPHG
GGWGQPHGGGWGQGGGTHSQWNKPSKPKTNMKHMAGAAAAGAVVGGLGGYMLGSA
MSRPIIHFGSDYEDRYYRENMHRYPNQVYYRPMDEYSNQNNFVHDCVNITIKQHTVTTT
TKGENFTETDVKMMERVVEQMCITQYERESQAYYQRGS 

To simplify the MPP residue chain into a more chewable or easily represented object, we  will simply use the 
sigma notation from the previous Proof in ℝ¹,  

𝑀𝑃𝑃 = ∑²⁰⁸,  

where we can then denote 6LNI and 1QLX proteins as a projected reduction of the MPP residues. Specifically, 
the initial G and S on 1QLX and the beginning M and ending S on 6LNI, which are the respective termini, are 
truncated, such that we can denote 1QLX as C for a  representation of PrPᶜ and 6LNI as Sc for PrPˢᶜ:  

𝐶: ∑²¹⁰ → ∑²⁰⁸, 𝐶 = {𝑎₃, 𝑎₄, 𝑎₅,… , 𝑎₂₀₈, 𝑎₂₀₉, 𝑎₂₁₀}  

𝑆𝑐: ∑²¹⁰ → ∑²⁰⁸, 𝑆𝑐 = {𝑎₂, 𝑎₃, 𝑎₄, … , 𝑎₂₀₇, 𝑎₂₀₈, 𝑎₂₀₉}  

This sequence only representation of MPP, which allows us to take the initial claim of 𝐶 = 𝑆𝑐. Since both 
sequence representations are now equal to MPP, we can use MP to represent MPP  such that the following is 
true: 

𝑀𝑃 = 𝐶 = 𝑆𝑐 ∈ ∑²⁰⁸  

We can then impose the identity invariant such that:  

𝐽₁: ∑²⁰⁸  → ∑²⁰⁸,  𝐽₁(𝑠) = 𝑠 

⟹ 𝐽₁(𝐶) = 𝐶 = 𝑆𝑐 = 𝐽₁(𝑆𝑐)  
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⟹ 𝐶 ~ᴊ₁ 𝑆𝑐  

⟹ [𝐶]ᴊ₁ = [𝑆𝑐]ᴊ₁,  

if and only if :  

𝑀𝑃 = 𝐶 = 𝑆𝑐 ∈ ∑²⁰⁸.  

It should be noted that, based on the raw sequence with no exception to internal residue and  considering the 
termini:  

𝐶 ≠ 𝑆𝑐 ∈ ∑²⁰⁸. ∎  

Applied proof in ℝ³  

To demonstrate Euclidean graph invariance, we select the witnessed pair of residues 176 and 190 between the 
3D space of 6LNI and 1QLX because these pairs of residues confer not only a local witness of |𝑖 − 𝑗 | > 2 but also 
a non-local witness using some delta as an anchor point.  

Axiom 4: Re-applied 

Let the index set be defined as the intersection of the structure coordinates of the residue  pair, such that:  

𝐼 = (𝐶) ∩ (𝑆𝑐).  

Limitations in current experimental structural biology lead to missing residue density in experimental PrP 
structures. Therefore, PDB structure representing 𝐶 and 𝑆𝑐 are incomplete. The  1QLX structure representing 
the PrPᶜ structure is missing residues 21-124 and 229-230 and thus contains coordinates for only the fragment 
125-228, which is roughly the 104-count residue of the globular domain. The same exists for 6LNI where the 
fibril core exists as residues 170-229.  This gives the intersecting set of:  

𝐼 = (𝐶) ∩ (𝑆𝑐) 

𝐶 = {125,… , 228}, 𝑆𝑐 = {170,… , 229}  

⟹ 𝐼 = (𝐶) ∩ (𝑆𝑐) = {170,… , 228}  

⟹ 𝐼 = |59|∎  

We then apply the distance graph of any witnessed pair:  

𝑖,𝑗 ∈ 𝐼, |𝑖 − 𝑗| > 2,  

in which the witnessed pair of residues 𝑖,𝑗 exist within this 59-residue set. To show that the witnessed pair on 
both graphs is not equal, we use the residues 176 and 190 as the non-local witness such that (𝑖’,𝑗’) = (176, 190). 
This allows us to determine:  

Barton Journal, vol. 1, no. 1, Spring 2026 60 
https://bartonjournal.org/ 



|176 − 190| = 14 > 2. 

To show that the pair is a non-local witness, we must project the coordinates of the witnessed pair to the distance 
graph. As is standard for structural biology analysis, we select the alpha carbon (𝑎-carbon) atoms after a 
structural alignment between 1QLX and 6LNI to represent each residue. For the PrPᶜ structure 1QLX:  

● Residue 176 ∈ (−10.486,−14.457,−1.843)  

● Residue 190 ∈ (−0.774, 1.083,−0.983).  

And for PrPˢᶜ structure 6LNI:  

● Residue 176 ∈ (205.776, 211.731, 243.361)  

● Residue 190 ∈ (179.099, 234.532, 241.349).  

To get the residue pair distance for the distance graph we use:  

𝐷ƒ(𝑖,𝑗) =  

⟹ 𝐷ꜰ꜀ (176, 190) =  

⟹ 𝐷ꜰ꜀ (176, 190) =  ≈ 18.34541 Å.  

The standardized data structure for mmCIF atom coordinate files on the PDB enables us  to use a Python 
implementation to automate extraction of distances between the atoms and  therefore a more accurate 
Ångstrom (where Å equals 10⁻¹⁰m or one 10 billionth of a meter and a  carbon-to-carbon single bond is ~1.54Å) 
distance such that for 1QLX the distance projection is:  

𝐷ꜰ꜀ (176, 190) = 18.347626004 Å 

To show that a graph invariance exists, we perform the same analysis for the PrPSc structure 6LNI:  

𝐷ꜰₛ꜀ 176, 190) =  

⟹ 𝐷ꜰₛ꜀ (176, 190) =  ≈ 35.15104.  

And with the same code implementation, we can observe the encoded distance exists as: 

𝐷ꜰₛ꜀ (176, 190) = 35.151046556 Å  

This result demonstrates that not only does the distance graph of the witnessed non-local  pair not equal each 
other but also that the computed residue distances in PrPᶜ and PrPˢᶜ do not  equal each other. We can now say 
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that:  

𝐷ꜰₛ꜀ (176, 190) ≠ 𝐷ꜰ꜀ (176,190)  

This shows that no rigid motion exists in the contact graph. To further prove the two embeddings  are not equal 
we can take the midpoint δ > 0, which was defined in the proof, and compute the  midpoint threshold such that:  

δ =  = 26.749336280 Å. 

And if,  

𝐷ꜰ꜀ (176, 190) ≤ δ < 𝐷ꜰₛ꜀ (176, 190),  

then we can determine:  

(176, 190) ∈ 𝐸(𝐹𝑐, δ) and (176, 190) ∉ 𝐸(𝐹𝑠𝑐,δ)  

∴ 𝐺(𝐹𝑐, δ) ≠ 𝐺(𝐹𝑠𝑐, δ)∎ 

Using our implementation, we can automate this analysis over all combinations of residue pairs in the 59-residue 
intersection of the PrPᶜ and PrPˢᶜ structures, building a network graph for all possible witnessed local and 
non-local residue pairs (Figure 1). This comprehensive network graph demonstrates clearly that the edge set and 
the connectivity between the edges differ between the PrPᶜ and PrPˢᶜ structures. In the context of structural 
biology, this means that there are differences in the residues making up the edge sets and how the residues 
interact with each other in the two isoforms.  

Figure 1 

Network Graphs of PrPᶜ and PrPˢᶜ 

 

Note. Local network graphs for the intersecting  residue set 173–179 and 187–193 in (left) PrPᶜ, (middle) PrPˢᶜ, 
and (right) the difference between  PrPᶜ and PrPˢᶜ. The nodes represent the 𝑎-carbon atoms of the residues and 
the edges the  interactions between residues in the PrP structures. Yellow (176,190) represents the witnessed  
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pair selected during the application of the proof. In the panel on the right showing the edge set  differences, the 
solid lines show interactions in common between PrPᶜ and PrPˢᶜ, while the  dashed and dotted lines represent 
interactions that are present only in PrPᶜ or PrPˢᶜ, respectively.   

Applied proof in ℝ² 

To show that there exists a unique orthogonal projection, we impose the same 𝑎-carbon  coordinates such that 
the difference between the unique witnessed pair (176, 190) would be:  

𝐹(176) − 𝐹(190) = (𝑥₁₇₆ − 𝑥₁₉₀, 𝑦₁₇₆ − 𝑦₁₉₀, 𝑧₁₇₆ − 𝑧₁₉₀)  

⟹ 𝐹𝑐(176) − 𝐹𝑐(190) = (−9.712,−15.540,−0.906) = 𝐶 

⟹ 𝐹𝑠𝑐(176) − 𝐹𝑠𝑐(190) = (26.677,−22.801, 2.012) = 𝑆𝑐.  

We can then reduce the dimensionality of the geometric space by constructing a  projection from geometric 
space to relational contact map space, which was previously demonstrated. Given that ℝ3 proof remains true, 
we can say the previous difference remains true  for all values of projection. We define the top value as C and the 
bottom value to Sc to simplify the projection results. To begin with the proof, all 3 orthogonal planar 
projections must be observed.  

Projection to 𝑥𝑦  

The 𝑥𝑦 projection is shown in Figure 2 and calculated from: 

𝑂𝑥𝑦(𝐶) = (−9.712,−15.540), and 𝑂𝑥𝑦(𝑆𝑐) = (26.677, −22.801)  

⟹ (176, 190) = ‖𝑂𝑥𝑦(𝐶)‖ =  = 18.325243354   

⟹  (176, 190) = ‖𝑂𝑥𝑦(𝑆𝑐)‖ =  = 35.093417188  

⟹ δ𝑥𝑦 =  = 26.709330271 Å 

⟹  (176, 190)  ≤ δ𝑥𝑦 <  (176, 190)  

⟹ (176,190) ∈ 𝐸( , δ) and (176, 190) ∉ 𝐸( , δ) 

⟹ 𝐸( , δ) ≠ 𝐸( , δ)  

∴ 𝐺( , δ𝑥𝑦) ≠ 𝐺( , δ𝑥𝑦).  
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Figure 2 

xy Projection 

 

Note. The xy projection of the geometric space onto the relational contact space.  

This first orthogonal planar projection already demonstrates that at least one projection exhibits a contact graph 
difference. However, to be as rigorous as possible, we continue the application with the remaining 2 projections.  

Projection to 𝑥𝑧 

𝑂𝑥𝑧(𝐶) = (−9.712,−0.906), and 𝑂𝑥𝑧(𝑆𝑐) = (26.677, 2.012)  

⟹ (176,190) = ‖𝑂𝑥𝑧(𝐶) ‖ =  = 9.754167314 

⟹  (176, 190) = ‖𝑂𝑥𝑧(𝑆𝑐)‖ =  = 26.752765707 

⟹ δ𝑥𝑧 =  = 18.25346651 Å 

⟹ (176, 190) ≤ δ𝑥𝑧<  (176, 190)  

⟹ (176,190) ∈ 𝐸( , δ) and (176, 190) ∉ 𝐸( , δ)  

⟹ 𝐸( , δ) ≠ 𝐸( , δ)  

∴ 𝐺( , δ𝑥𝑧) ≠ 𝐺( , δ𝑥𝑧).  
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Figure 3 

xz Projection 

 

Note. The xz projection of the geometric space onto the relational contact space.  

Thus, there exists now a second planar projection where a graph invariance is observed (Figure  3).  

Projection to 𝑦𝑧  

𝑂𝑦𝑧 (𝐶) = (−15.540,−0.906), and 𝑂𝑦𝑧 (𝑆𝑐) = (−22.801,2.012)  

⟹ (176, 190) = ‖𝑂𝑦𝑧 (𝐶) ‖ =  = 15.566388  

⟹  (176, 190) = ‖𝑂𝑦𝑧 (𝑆𝑐)‖ =  = 22.8895991  

⟹ δ𝑦𝑧 =  = 19.22799355 Å  

⟹ (176, 190) ≤ δ𝑦𝑧  <  (176, 190)    

⟹ (176,190) ∈ 𝐸( ,δ) and (176, 190) ∉ 𝐸( , δ)  

⟹ 𝐸( ,δ) ≠ 𝐸( , δ)  

∴ 𝐺( , δ𝑦𝑧 ) ≠ 𝐺( , δ𝑦𝑧 ).  

Figure 4 

yz Projection 

 

Note. The yz projection of the geometric space onto the relational contact space.  

The three orthogonal planar projections (Figures 2–4) show that regardless of which chosen planar coordinates 

Barton Journal, vol. 1, no. 1, Spring 2026 65 
https://bartonjournal.org/ 



of the witness pair (176, 190) that you will find a discrepancy between their embeddings. This further enforces 
the original claim of the structural conformation having vastly different structures.  

Interpretation  

We leverage several key implementations of metric space calculations in the ℝ¹, ℝ² and  ℝ³ proofs. Beginning 
with the initial proof in ℝ1, the concept was introduced of projecting a protein structure into its sequence-based 
representation. This framework relied on the assumption that both the infectious fibril and the non-infectious 
version of the major prion protein isoforms are simply expressions of PrP, and that neither protein was assumed 
to possess terminal edges within their globular domains. Due to the limitations of experimental structural 
biology methods and their inability to fully resolve atomic positions in flexible protein structures such as PrP, 
the applied proof in ℝ¹ required stripping the terminal residues of PrPᶜ and PrPˢᶜ and using only  purely the 
backbone of the residues representing the globular domain in the native PrPᶜ. This truncated sequence space 
representing the intersection of experimentally resolved residues was then shown to be equivariant using 
invariances. In other words, there was no way to tell the difference between MPP, 𝐶, 𝑆𝑐 given solely their 
backbone sequence code. Because we cannot differentiate the isoforms in ℝ¹, we use the experimentally 
observable difference in structure as an assumption to show through proof in ℝ³ that the structures are indeed 
different.  

The proof in ℝ³ was designed to show that each contact graph of the proteins had at least one delta which 
denoted a fixed midpoint for the edge sets to be derived from and allowed for a distance variance to be 
determined. This was further established in the applied proof where we use the 3D coordinates space from the 
mmCIF files to calculate the atom distances in PrPᶜ and PrPˢᶜ (Table 1).  

Table 1 

Coordinates for Witnessed Non-Local Residue Pairs in PrPC and PrPSc 

Structur
e  

Residu
e  

X (Å)  Y(Å)  Z(Å) 

1QLX  176  -10.48
6  

-14.45
7  

-1.843 

1QLX  190  -0.774  1.083  -0.937 

6LNI  176  205.77
6  

211.73
1  

243.3
61 
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6LNI  190  179.09
9  

234.53
2  

241.3
49 

Note. The 1QLX  and 6LNI structures provide the coordinates for PrPᶜ and PrPˢᶜ, respectively. The X, Y, and Z  
coordinates expressed in Ångstroms (Å) for the residues 176 and 190 composing the witnessed  non-local 
residue pair in the application of proofs.  

The coordinates of the witnessed non-local pair in both PrPᶜand PrPˢᶜ structures give the ability to determine 
through a Euclidean norm that there is a midpoint for the set of intersecting residues representing the native 
globular domain. We can then use this midpoint as the anchor for distance projection. The distance projection 
reveals key differences between the two proteins; specifically, when we examine the midpoint delta, only one 
protein isoform satisfies the projected inequality, such that witnessed pair (176,190) remains within the edge set 
for the PrPᶜ isoform.  

To further demonstrate that there is a difference between the two isoforms, we use the ℝ2 proof to accomplish a 
projection that successfully reduces the dimensions of witnessed non-local  residue pair and thus simplifies 
computations. We perform a reduction in dimensional space such that, when analyzing any two planar 
projections of a three-dimensional structure, we can establish that there will be at least one view within that 
spatial reduction that demonstrates the witnessed pair does not exist in either edge set, and therefore in neither 
graph projection. This incongruity in graph projections is confirmed for every 3D planar projection in 
ℝ3regardless of dimensional combination. This further strengthens the claim that there exists a conformational 
difference between PrPᶜ and PrPˢᶜ.  

Discussion  

As this paper currently stands, there is very little addition to biochemistry,  stereochemistry, biophysics, 
combinatorics, or ionic interaction theory. This will be addressed in the ‘Further Research’ portion of this 
paper. Currently, this is an analysis of the basest level that observes sequence variation and applied that onto a 
3-dimensional structural space, and that  allows for an ability to show a difference in physical properties. The 
addition of ionic interaction theories as well as proton channels that help regulate cell pH in the CNS is actively 
being  considered as well as further structural analysis of the fibril that PrPˢᶜ creates and signaling  effects in the 
host neuron. 

Conclusion  

A key conclusion from this study is that the edge sets in the contact graphs do represent interacting partners, 
defined by the chosen distance thresholds between the witnessed residue pairs. However, the presence of an edge 
does not automatically imply a functional or causative interaction; for example, residues that are distant in the 
structure may or may not influence protein behavior through allosteric mechanisms, while more local contacts 
are likely to be more directly relevant. The observed differences in contact graphs reflect how these interactions 
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act as structural variables and are incrementally modified, rather than providing a direct mapping to ionic 
interaction theory, biophysical interactions, or conformational dynamics. Importantly, this model aligns with 
current physical observations that the two forms of the major prion protein,  PrPᶜ and PrPˢᶜ, are structurally 
distinct, despite having identical primary sequences.  

Further Research  

This paper presents findings from ongoing research conducted by Ashley L. Bennett, PhD, and Nicole L. 
Mazuroski, M.S. Moving forward, this study proposes to incorporate electrostatic and ionic interaction 
principles to better understand protein conformational dynamics.  Specifically, it is hypothesized that metabolic 
stressors may induce a localized decrease in pH within the central nervous system, leading to an increased 
concentration of free hydrogen ions promoting protonation of key amino acid residues and inducing backbone 
conformational changes through altered salt bridge interactions. Additionally, interacting partners of PrPᶜ, may 
further modulate the local proton environment. For example, zinc may influence neuronal acidity by interfering 
with proton transport mechanisms, potentially reducing proton efflux, and contributing to intracellular proton 
accumulation. There is also ongoing discussion about the potential intracellular interactions of calcium, 
chloride, and copper, although these ideas remain speculative at this stage.  
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Abstract 

Bioinformatics analysis of the human oral microbiome is facilitating a better understanding of the human oral 
microbial inhabitants, variation of the oral microbiome across individuals, and links to oral and systemic human 
health, disease, and function. This research aims to identify patterns in taxonomic composition associated with 
rheumatoid arthritis and health by integrating bioinformatics with supervised and unsupervised machine 
learning tools to cluster publicly available human oral microbiome databases for both healthy and rheumatoid 
arthritis cohorts. Specifically, supervised machine learning was used to train a classifier model to predict the risk 
of developing rheumatoid arthritis from a given microbial genus cluster. The microbial genus clusters were 
input into the classifier model for rheumatoid arthritis risk predictions. While the classifier model was not 
robust for predicting rheumatoid arthritis risk, the classifier was able to make robust predictions about healthy 
cohorts and identify specific species strongly correlated with health, and identified some species of interest 
associated with rheumatoid arthritis. Although the classifier could not predict rheumatoid arthritis risk, the 
discovery of species strongly associated with healthy cohorts highlights the potential for probiotic-based 
preventive and therapeutic interventions. These findings highlight the importance of taxonomic analysis in 
facilitating disease risk predictions and advancing personalized dentistry and medicine, and reducing healthcare 
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costs by implementing more targeted diagnostics and treatments. 

Keywords: Bioinformatics, bacteria, taxonomy, periodontal disease, machine learning 

 

Oral Microbial Diversity and Disease Development 

The oral cavity houses about twenty billion bacterial individuals, representing a wide variety of species (Caselli et 
al., 2020). Alongside bacterial species, microbes such as fungi, viruses, and protozoa cling to the surfaces of the 
teeth and other oral cavity tissues to survive and reproduce (Baker, 2023). Emerging evidence suggests 
connections between the oral microbiome and more systemic health effects (Mei et al., 2020). Many oral 
bacterial microbes in plaque can cause damage to the mouth by eroding the enamel over time with their acidic 
properties. This metabolic activity is the number one cause of dental caries and tartar buildup (Baker, 2023). 
Anaerobic bacteria are common in the oral cavity and remain difficult to culture due to the need for a low- or 
no-oxygen environment. These anaerobic bacteria are the major etiologic agents contributing to chronic 
periodontitis by directly and indirectly destroying periodontal tissue, causing an intense inflammatory response 
(How et al., 2016).  

The anaerobic bacteria in the oral cavity not only lead to deterioration of periodontal tissues but also increase 
the risk for adverse systemic health effects, mainly by promoting systemic inflammation and immune 
dysregulation (How et al., 2016). Furthermore, mounting evidence suggests relationships between the microbial 
populations and chronic conditions such as rheumatoid arthritis (RA) (Mei et al., 2020). With the link between 
inflammation and chronic disease well-established, these findings highlight that the oral microbiome is not 
isolated but interacts dynamically with the rest of the body, making it an important factor in overall health and a 
potential target for disease prevention and therapeutic intervention. 

Age, diet, and dental hygiene are considered key factors in dental health as well. Tissue weakens and stretches 
over time, leading to gomphosis joint loosening, requiring partial or permanent tooth extractions (Salah et al., 
2025). Attentive dental hygiene, like brushing and flossing, significantly slows oral deterioration by removing 
bacterial colonies that target the enamel, dentin, pulp cavity, and gum tissue (Salah et al., 2025). Flossing further 
helps by slowly hardening the gum tissue, increasing gum tolerance to penetration and abrasions. Simple dental 
hygiene procedures reduce the risk of gingivitis and periodontal disease by up to 50% (Salah et al., 2025). Other 
practices like smoking, vaping, chewing tobacco, and oral nicotine patches have impacts on oral health, 
frequently leading to significant damage to the mouth, including gum and bone loss (Baker, 2023).  

Diet plays a crucial role in the likelihood of microbiome survival. Recent studies have shown that low levels of 
2-5% of daily food consumed are used to feed microbiota in the human body (Zaske, 2025). Food’s varying levels 
of pH, temperature, and salinity can impact the body’s microbiota by either killing the microbiota or slowing 
down microbial functions in the body significantly. While the oral microbiome can have negative health 
impacts, the human microbiome generally provides many benefits, with some species of microbiota required for 
proper digestion and respiration. 
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In pursuit of a better understanding of the health impacts of microbes inhabiting the oral cavity, this journal 
article presents a bioinformatics analysis and machine learning classifier model to predict disease outcomes from 
the taxonomic genus of species living in the oral microbiome. The initial model serves as a preliminary proof of 
concept to demonstrate how bioinformatics tools, when integrated with machine learning, can predict health 
status based on microbial species present in the oral cavity, which could be determined by a simple saliva swab. 
Future work will expand and generalize this initial model to a wider variety of diseases with the hope of revealing 
a distinct and predictive microbial pattern between healthy and diseased cohorts.  

Literature Review 

Bioinformatics is a cocktail of biology, computer science, data science, and mathematics to analyze, store, and 
interpret large-scale complex biological data, including DNA, protein sequences, and microbiome datasets 
rapidly since the late 1960’s (Baker, 2023). Machine learning is a recent advancement of data science providing 
several powerful tools that can assist researchers in identifying trends in large-dimensionality data (Zhang et al., 
2025).  

Background  

The oral microbiome is a diverse community of organisms living in the human mouth composed of a diverse 
abundance of bacterial species, along with fungi and viruses. Three crucial roles of the microbiome are 
maintaining oral health, preventing pathogen colonization, and supporting digestion (Caselli et al., 2020). 
When the oral microbiome is disturbed, it can result in mild or severe oral diseases (Salah et al., 2025). The 
presence of specific microbial species has been shown to promote systemic inflammation and immune 
dysregulation (How et al., 2016), for which there is a well-established link between systemic inflammation and 
chronic disease progression (Martel et al., 2022).  

Traditional culture-based microbiology has been a great resource for studying microbes, but the inability to 
culture oral microbes like anaerobic species under standard lab conditions, the failure of culture conditions to 
replicate natural oral environments, and limited insight into microbial interactions have impeded the 
identification of causal relationships between oral microbiome populations and disease risk (Uzoukwu et al., 
2022; Vartoukian et al., 2017). Bioinformatics and machine learning tools circumvent these shortcomings 
because the tools organize and identify patterns in high-dimensional datasets, allowing for adequate 
identification and characterization of uncultured microbes directly from patient samples. 

Bioinformatics Approaches 

Advances in 16S ribosomal RNA (rRNA) gene amplicon sequencing have enabled the comprehensive 
characterization of microbial communities within the oral cavity by targeting conserved regions of the bacterial 
genome to identify and classify microorganisms present in oral samples (Regueira-Iglesias et al., 2023). Shotgun 
metagenomic sequencing has been employed to provide species- and strain-level resolution and to characterize 
functional gene content within oral microbial communities (Baker, 2023). Subsequent downstream 
bioinformatics analyses focus on quantifying microbial diversity and community composition.  
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To ensure reproducibility and data transparency, modern oral microbiome studies employ standardized 
workflows, version-controlled code repositories, and public data deposition in repositories such as the NCBI 
Sequence Read Archive (SRA; Leinonen et al, 2011; Kodama et al, 2012; Katz et al, 2022). Collectively, these 
bioinformatics tools and techniques provide a robust framework for investigating the structure, diversity, and 
functional potential of oral microbial communities and for exploring and predicting their roles in oral and 
systemic health. 

Application 

Bioinformatics has a wide range of applications across science and healthcare. One example is disease detection. 
Bioinformatics helps identify microbial biomarkers associated with both oral and systemic disease, allowing for 
earlier diagnosis before clinical symptoms appear (Yeo et al., 2024). Information yielded from bioinformatics 
analysis can now inform the development of microbiome-based therapies, making treatments proactive rather 
than reactive (Salah et al., 2025).  

Challenges  

Despite the great attributes, bioinformatics has limitations. For instance, managing large datasets requires costly 
advanced computational resources – mainly vast hard drive space for storing data input and output and massive 
RAM memory for training models (Baker, 2023). Additionally, the sheer size and complexity of 
high-dimensional datasets tend to obfuscate identifications of trends. Furthermore, bioinformatic analysis can 
produce errors if the wrong models are applied, algorithms are misused, and distinguishing correlation from 
causation in microbiome studies remains an ongoing challenge, which can, in part, be overcome with modern 
machine learning algorithms (Regueira-Iglesias et al., 2023). 

Machine Learning Tools 

Machine learning provides powerful tools for analyzing large biomedical datasets and building classifier models 
to predict disease risk based on molecular, clinical, or microbiome features. In supervised learning, algorithms 
are trained on labeled datasets (e.g., healthy vs. diseased) to learn relationships between features and outcomes, 
whereas unsupervised learning methods identify patterns in unlabeled data (Traidl et al., 2025). These methods 
are applied in various ways to detect natural groupings, reveal disease subtypes, and select informative features 
for predictive modeling (Naeem et al., 2022). 

Principal component analysis PCA is a common analysis to search for variance and identify patterns in 
large-dimensionality data (Traidl et al., 2025). The first and second components, PC1 and PC2, respectively, 
indicate the dimensions with the maximum variance and indicate features that may be predictive of different 
health status classes. Components with high variance are potential candidates as biomarker predictors of disease 
outcomes. The random forest approach is a particularly well-suited approach for training classifier models by 
aggregating the results of multiple decision trees into a single output (Traidl et al., 2025), which allows for more 
robust model predictions for both linear and non-linear data and can automatically select relevant features in the 
data, which in turn facilitates trend identification in heterogeneous data, such as microbiome and biomedical 
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data (Traidl et al., 2025).  

By enabling rigorous validation, reproducibility across independent datasets, and systematic evaluation of 
feature importance, machine learning addresses the challenge of distinguishing correlation from causation. 
When combined with thoughtful study design and experimental validation, these approaches support robust 
disease prediction and hypothesis generation in complex biological systems. 

Findings 

Bioinformatics and machine learning tools have revolutionized oral microbiome research, allowing scientists to 
identify thousands of previously unrecognized species, analyze functional capabilities of microbial communities, 
and emphasize associations with oral and systemic health. While much has been done to collect oral microbiome 
data and develop analytical tools, there remains much to be learned about the relationship between the oral 
microbiome and disease risk.  

Methods  

The Expanded Human Oral Microbiome Database (eHOMD) documents the human microbiome by 
providing the identity of  >8,000 genomes across > 830 microbial taxa inhabiting the nasal passages, sinuses, 
throat, esophagus, mouth, and the lower respiratory tract (Baker, 2023; Fernández Escapa et al., 2018). The 
eHOMD also includes species-level taxonomy based on grouping 16S RNA gene sequences at 98.5% identity, a 
systematic naming scheme for unnamed and uncultivated microbial taxa, reference genomes to facilitate 
metagenomic studies, and convenient cross-links to other databases that can facilitate mapping of taxonomic 
data to known disease status (Baker, 2023; Regueira-Iglesias et al., 2023). The taxonomic data from the 
eHOMD were chosen for analysis, given the wide diversity of represented species and the standardized 
formatting to facilitate bioinformatics analysis. mBodyMap also provides the data on >6,000 species isolated 
from >22 body locations in people of varying health and disease diagnosis, which was used to train the machine 
learning model to recognize microbial taxonomic genus predictors of disease (Jin et al., 2022). Data was acquired 
on 24 March 2026.  

Implementation 

Custom Python analysis scripts implementing Pandas, NumPy, SciPy, Scikit-learn, Biopython, and Matplotlib 
packages are the primary software packages used to process the data (Buitinck et al., 2013; Harris et al., 2020; 
Hunter, 2007; pandas development team, 2020; Virtanen et al., 2020). Data input, output, organization, and 
management were handled by Pandas. Imported taxonomic datasets from the eHOMD database were turned 
into structured data tables using the Pandas library. The workflow helps to remove incomplete records and 
format taxonomic labels by sorting, filtering, and grouping microbial species data to make it easier for the 
machine learning model to analyze. NumPy was used primarily for its ability to perform numerical and 
mathematical operations on large datasets, allowing for effective handling of large arrays of microbial abundance 
values with efficient usage of computational memory. The software provides statistical calculation and data 
transformation tools and improves computational efficiency when processing large microbiome datasets 
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(Reguieora-Iglesias, 2023). SciPy is exceptionally strong at analyzing relationships between microbial taxa by 
providing a variety of prebuilt regression models for data fitting, helping support advanced mathematical 
operations involved with the machine learning algorithms (Baker, 2023). 

Scikit-learn and Matplotlib were the final libraries used. Scikit-learn provides functions specializing in building 
machine learning models and clustering algorithms to identify patterns in microbial communities (Yeo et al., 
2024). Matplotlib provides functions for data visualization and helps emphasize trends extracted from 
taxonomic composition between samples of healthy and RA status.   

Machine Learning Workflow  

The end-to-end workflow for building the machine learning classifier is depicted in Figure 1 and carried out in a 
Jupyter Notebook to facilitate thorough documentation of code commands, results, and data visualizations. 
Taxonomic data were downloaded from eHOMD onto a 2022 MacBook Air M2 with 857.2 GB of available 
storage, macOS Sonoma 14.4.1 operating system, and the healthy and disease cohort data were downloaded 
from mBodyMap databases onto the same machine. The downloaded files were renamed to reflect the source of 
the primary data source and the applications of the data contained within the file.  

Once all datasets were downloaded, disease labels were added to the healthy and disease cohorts from the 
mBodyMap database and combined into a single data file. Subsequently, the combined disease status data were 
cleaned by removing any entries that had improperly formatted or missing values. The cleaned data were 
transformed into a feature matrix using the measured abundance as the featurization value. The feature matrix 
was subsequently normalized to ensure all feature values had comparable scales.  

A  random forest classifier implemented using scikit-learn with 200 estimators and the  80/20 train/test split was 
used to train a classifier using the combined, cleaned, and normalized disease status dataset. The 80/20 split of 
the data works such that 80% of the training data is used for training and 20% is used for model testing, allowing 
for assessment of model quality based on prediction accuracy for each class (i.e., healthy and RA). The model 
quality was assessed using the standard internal model quality metrics output by scikit-learn – mainly precision 
representing class prediction accuracy, recall reflecting the percentage of properly identified classes, f1 score that 
shows the balance between precision and recall, and support, which demonstrates how many samples in the 
training data are in each prediction class.  
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Figure 1 

Workflow of Machine Learning Model 

 

Note. A visual depiction of the workflow used to train the machine learning classifier model.  

Classifier Model Predictions  

After the classifier model was trained, taxonomic genus data from the eHOMD were fed into a k-means 
clustering algorithm using 5 clusters with the initial centroids chosen from the data at random. The resulting 
clusters were mapped back to the classifier feature space, normalized, and fed as input to the classifier model to 
predict the disease status associated with each taxonomic cluster. The species contained within each cluster was 
determined and compared to reveal potential microbial biomarkers of RA disease vs health and to determine 
places for improving the classifier model. Matplotlib was used for plotting and visualizing the results.  

Results / Findings  

The combined training dataset comprises microbial species associated with both healthy and RA class cohorts, 
with >400 microbial species, including 53 shared between the classes and 19 species specific to the RA class 
(Table 1). Species showing more than 5-fold change in abundance between healthy and RA classes are 
Pseudomonas fluorescens, Treponema succinifaciens, Schaalia meyeri, and Schwartzia succinivorans (Table 2), 
suggesting that the relative abundance of specific species may be an important predictor.  
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Table 1 

The Total Number of Unique, Common, and Specific Species Observed in the healthy and rheumatoid arthritis 
(RA) cohorts 

Total unique species     41
5 

Shared species 52 

Healthy only species 34
4 

RA only species 19 

  

Table 2 

Class Comparison of the Mean Abundance of Shared Species 

Species Healthy 
Mean 

RA 
Mean 

Fold 
Change 

Pseudomonas fluorescens 0.542 24.914 46.005 

Treponema succinifaciens 0.082 0.833 10.184 

Schaalia meyeri 0.330 2.631 7.967 

Schwartzia succinivorans 0.082 0.583 7.130 

Streptobacillus hongkongensis 0.122 0.405 3.319 

[Eubacterium] saphenum 0.147 0.440 3.000 

Prevotella baroniae 0.122 0.365 2.999 
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Selenomonas sputigena 0.717 1.907 2.661 

Selenomonas infelix 1.260 2.563 2.033 

Note. Species that were shared between both healthy and rheumatoid arthritis (RA) and demonstrated > 2-fold 
change in mean abundance between healthy and RA classes.  

Classifier Model Performance  

The initial classifier model performed strongly on identifying clusters associated with healthy status, accurately 
predicting 96% of healthy clusters, with 4% of the actually healthy class being mistakenly predicted as the RA 
class (Table 3). In contrast, the classifier model failed to accurately predict RA disease status, accurately 
predicting 0% of RA labelled entries (Table 3). Large differences in precision, recall, and F1 scores between the 
macro average and weighted averages indicate that one of the data classes is either over- or underrepresented 
(Table 3). The training data contained 54 data points associated with the healthy class and only 2 points with the 
RA class, demonstrating that the RA data is underrepresented in the training data, consistent with the 
discrepancy between macro and weighted averages (Table 3). This underrepresentation of the RA data in the 
training dataset is the most likely reason for the model’s failure to predict the RA class accurately.  

Table 3 

Statistics Reporting Classifier Model Prediction Quality  

 precision recall  f1-score support 

healthy 0.96 1.00 0.98 54 

RA 0.00 0.00 0 2 

accuracy   0.96 56 

macro avg 0.48 0.50 0.49 56 

weighted avg 0.93 0.96 0.95 56 

Note. The precision, recall, f1-score, and support metrics determine the model accuracy in predicting healthy 
and rheumatoid arthritis (RA), given a microbial genus-based clustering.  
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Microbial Taxonomic Clustering 

Cluster 0 was the largest cluster with 118 species (Figure 2). The smaller clusters 1, 2, 3, and 4 contained only a 
single genus each, with cluster 1 representing Actinomyces, cluster 2 representing Streptococcus, cluster 3 
representing Neisseria, and cluster 4 containing Haemophilus genera. In contrast, the largest cluster 0 contained 
a wide diversity of microbial genera, some of which contained multiple species, while others appeared to contain 
only one species. The mapping of clusters 1-4 to specific genera indicates that a genus-based clustering of 
microbiome taxonomic genus is effective at separating out the microbial genera that are well represented in the 
microbiome. However, multiple different genera’s presence in cluster 0 suggests that genera with fewer than 
approximately 5 different species in the dataset are not able to be clustered in a meaningful way based on genus, 
with only 5 clusters.  

Figure 2 

Sizes of Microbial Genus Clusters 

 

Note. The size of each microbial genus cluster (x-axis) as measured by the number of species in the cluster 
(y-axis).  

PCA 

The PCA of the genus-based clustering of microbes successfully separated the five different clusters, with the 
identified PC1 and PC2 accounting for about 21% and 20.4% of data variance, respectively (Figure 3A). The 
PCA of clustered microbial genus data demonstrates that all genus clusters are strongly dominated by the 
healthy class (Figure 3B). Clusters 0 and 3 have positive correlations with both principal components, cluster 0 
positively correlating to PC1 and cluster 3 positively correlating to PC2 (Figure 3B). The remaining three 
clusters have either neutral or negative correlations with both principal components (Figure 3B). Cluster 3 
shows a strong positive correlation with PC2 and contains only healthy class microbial genera, suggesting  

that PC2 is associated with the healthy class. Clusters 1, 2, and 4 all contained only healthy classes and were 
well-separated along PC1 with a smaller separation along PC2 (Figure 3). 
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The only cluster with a positive correlation with PC1 is also the only cluster containing any RA class cohorts, 
which suggests that perhaps PC1 is an indicator of RA class (Figure 3B). However, this cluster is still strongly 
dominated by healthy class cohorts, which would alternatively suggest that PC1 is also an indicator of healthy 
class. The correlation between cluster 0 and PC1 is relatively weak and may indicate that the failure of the 
clustering algorithm to adequately separate out diverse genera is influencing the correlation value and 
obfuscating pattern detection. Further separation of the species contained in cluster 0 would likely be needed to 
draw definitive conclusions about the meaning of PC1.  

Species examination, most strongly correlated with PC1 and PC2, reveals that Neisseria bacilliformis (N. 
bacilliformis) is the species most positively correlated with PC1, while Streptococcus vestibularis (S. vestibularis) 
was most negatively correlated with PC2. N. bacilliformis was also most positively correlated with PC1, and S. 
vestibularis was also most negatively associated with PC1. Additionally, N. bacilliformis and S. vestibularis both 
showed the largest discrepancy between PC1 and PC2 loadings, suggesting that these two species may be better 
predictors of health status than other species in the dataset. Interestingly, the PCA loadings revealed different 
species of interest than the fold change in abundances between the classes (Table 2), suggesting that PCA 
loadings may also be a useful feature to include in training.  

Figure 3 

Principal Component Analysis of Oral Microbiome Genus Clusters 
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Notes. (A) Principal components 1 (PC1; x-axis) and principal component 2 (PC2; y-axis) explain approximately 
21% and 20% of the data variance, respectively. Each point represents a species in the training data, consisting of 
microbial profiles from both healthy and rheumatoid arthritis cohorts, and is colored according to the cluster 
they belong to. Blue, orange, green, red, and purple represent cluster 0, cluster 1, cluster 2, cluster 3, and cluster 
4, respectively. (B) The same PCA plots the centroids of each cluster, with the node size determined from the 
number of species contained within that cluster. Cluster nodes are colored according to their disease label: 
healthy (blue) and rheumatoid arthritis (RA; red), and labeled according to their cluster number.  

eHOMD Taxonomic Cluster Model Predictions 

Despite the model’s failure to accurately predict RA, the eHOMD dataset was input to the classifier model in 
the hope that the prediction results would inform future efforts to improve and generalize the classifier model. 
Consistent with previous data observations, only one cluster was associated with a non-zero probability of RA 
class, with cluster 0 probability of 99% for the healthy class and 1% for the RA class (Figure 4A). Clusters 1-4 
had a 100% probability of healthy class prediction (Figure 4B). All the clusters lie on the decision boundary, 
consistent with the RA class being underrepresented in the training data (Figure 4B). Continued improvements 
in model accuracy are needed before any further conclusions can be drawn from classifier model predictions.  

 

 

 

 

 

Barton Journal, vol. 1, no. 1, Spring 2026 83 
https://bartonjournal.org/ 



Figure 4 

Class Predictions for Microbial Genera Clusters 

 

 

Notes. (A) A heatmap of the prediction probabilities for the two model classes (x-axis), healthy and rheumatoid 
arthritis (RA), in each of the five microbial genus clusters. The color gradient represents model-predicted disease 
probabilities for each cluster. Values range from 0 (blue), indicating low predicted probability of rheumatoid 
arthritis,  to 1 (red), indicating high predicted probability. Intermediate colors reflect an increasing likelihood of 
disease classification. (B) A scatter plot representation of the probability of a RA vs. healthy class class 
predictions. The dashed diagonal line represents the decision boundary where predicted probabilities for 
Healthy and RA are equal.  
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Discussion 

The presented work leverages publicly available oral microbiome databases to train a machine learning model 
capable of predicting health outcomes from clustered taxonomic data. Clustering of oral microbiome 
taxonomic data from the myBodyMap database and comparing the relative abundances of microbial species 
between healthy and RA cohorts revealed that Pseudomonas fluorescens, Treponema succinifaciens, Schaalia 
meyeri, and Schwartzia succinivorans all show more than 5-fold change between the two classes (Table 2). In the 
context of previous work, the observed clustering patterns suggest that well-represented genera form distinct, 
stable groupings, some of which are associated with healthy states, as opposed to unbalanced communities that 
can be potential disease precursors for periodontal and systemic health diseases (Figure 3). These findings are 
consistent with prior work, which has demonstrated that shifts in microbial composition, particularly increases 
in specific pathogenic taxa, are associated with disease progression. 

The classifier model trained using a random forest algorithm with an 80/20 split in the training data showed 
robust predictions for the healthy class, but was unable to accurately predict the RA class, limiting the 
applicability of this model in its current training state. The failure of the classifier model to predict RA class is 
consistent with an imbalanced dataset used for machine learning training, particularly the underrepresentation 
of disease states such as RA. This imbalance likely contributed to the model’s inability to accurately predict 
disease outcomes, as it biased predictions towards the dominant healthy class. Additionally, the clustering 
approach may oversimplify the complexity of microbial ecosystems, particularly for less abundant taxa that 
could still play important biological roles. Exploring alternative clustering methods with different numbers of 
clusters would likely result in model improvements, especially for separating out cluster 0 species. Future work 
to improve this classifier model should incorporate larger datasets for training, especially including a larger 
diversity of body locations and disease classes to address the small training data size and the underrepresented 
RA class. Additionally, while the training data remains small, a 90/10 train/test split should be incorporated 
during model training so that a larger percentage of data can be used for training and a smaller percentage can be 
used for model testing and validation.  

PCA identified PC1 and PC2 components that explain about 21% and 20.4% of the data, respectively. Cluster 3 
only contained microbial species associated with the healthy class and was strongly positively correlated with 
PC2, indicating that PC2 represents the healthy class. While cluster 0 was most positively correlated with PC1 
and was the only cluster to contain RA class cohorts, cluster 0 was still dominated by healthy cohorts, and the 
meaning of PC1 remains unclear.  

Clusters 1-4 were dominated by particular genera, including Actinomyces, Streptococcus, Neisseria, and 
Haemophilus, and contained only healthy class cohorts (Figure 3). However, unlike some previous studies that 
identify clear separations between healthy and disease microbiomes, the present analysis did not find any genus 
clusters strongly predictive of disease. Cluster 0 contained some cohorts of the RA class, but was still dominated 
by the healthy class. Taken together, this clustering analysis suggests that taxonomic data alone may not always 
be sufficient to fully distinguish disease states without additional functional or environmental context.  
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Future work should focus on expanding the dataset size and diversity, particularly by increasing the 
representation of disease-associated samples. Incorporating additional data types such as metagenomic, 
transcriptomic, or metabolomic data and inclusion of more features in the training data may improve model 
performance and provide deeper insights. Furthermore, the application of more advanced machine learning 
techniques and strategies to address class imbalance, such as resampling or class weighting, could enhance 
predictive accuracy. This work contributes to a growing foundation for using microbiome data in predictive 
modeling and highlights the potential for integrating bioinformatics into clinical and public health applications. 

Conclusion  

While the classifier model was not successful in predicting RA class, the clustering analysis was able to detect 
shifts in the microbial populations between the health and RA class cohorts. Identified species of interest 
include Pseudomonas fluorescens, Treponema succinifaciens, Schaalia meyeri, Schwartzia succinivorans, Neisseria 
bacilliformis, and Streptococcus vestibularis. Despite the identification of potentially interesting species to 
investigate further, much work is needed to improve the clustering and predictive accuracy of disease classes. 
Improvements to the clustering and classifier can be made through several updates to the modeling workflow, 
including but not limited to different clustering techniques and the number of clusters, more advanced 
clustering and training algorithms, and, most importantly, by increasing the training dataset size, body location 
diversity, and disease classes represented within the training data.  

Dentists are now well-positioned to use the results of oral microbioinformatics to prevent and initiate earlier 
treatment for oral health diseases. Instead of fighting against already present symptoms, dental specialists can use 
the results of a patient’s oral microbiome to reverse, prevent, or slow down periodontitis and gingivitis diseases, 
allowing older patients a fighting chance at restorative measures instead of major extractions. The 
prosthodontic, periodontal, and oral surgery possibilities for successful cosmetic and restorative work, including 
implants, implanted dentures, crowns, bridges, and bone and tissue grafts, will significantly increase the 
likelihood of positive oral health outcomes due to decreased probability of bone and tissue loss with 
personalized treatment planning and care.  

With the realm of bioinformatics expanding, the application of oral microbiomics does not have to stop at 
dental medicine. It is likely that these techniques will eventually be incorporated into personalised healthcare 
and help healthcare practitioners to inform early diagnostics and treatment decisions. As a deeper understanding 
of the connections between the oral microbiome and systemic disease emerges, dentists will become integral 
members of the healthcare team and facilitate preventative and personalized oral health care. Dentists can 
promote early diagnosis by collecting oral swabs from patients and having them sent for taxonomic breakdown 
in labs, and then studying the results to determine if early disease preventative treatments are necessary for 
patients’ oral health.  

Dentists can flag patients whose oral microbiome predicts more systemic health issues and work with primary 
caregivers to mitigate potential disease development in the future. Additionally, nurses, surgeons, and 
pharmacists can use bacterial taxonomic information from relevant microbiome studies to better assess 
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individual patients, as opposed to treating every patient as if they were identical clones. Through this type of 
predictive screening and personalized medicine, dentists can collaborate with healthcare providers across many 
disciplines to improve diagnostics, treatments, and prognosis for patients, all while reducing healthcare costs.  
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Abstract 

The study was conducted to investigate the phototactic response in Drosophila melanogaster, also known as fruit 
flies. Drosophila melanogaster were chosen for this study because they have genetic and biological similarities to 
humans. The study was designed to be completed over a twelve week period looking at Phototaxis, which is how 
light can affect the movement of organisms. The purpose of this study is to expose Drosophila melanogaster to 
light and observe their behavior. It was intended to observe the positive and negative phototaxis under the 
controlled environment and see how light plays a vital role in an organism’s life and how it can be used for 
survival. The Drosophila melanogaster would be isolated to a controlled environment, where they will have an 
artificial light source to see how the organisms react and move to and from the light. Unfortunately, the fruit 
flies were unable to survive due to unfavorable habitat conditions. The temperatures fluctuated and the fruit 
flies were unable to flourish in the environmental conditions and prevented the larval from developing. Since the 
study was unable to be conducted, the research shifted to a literature review focusing on phototaxis and geotaxis 
on Drosophila melanogaster. Under the guidance of a mentor, students analyzed previous experiments and 
research to develop a comprehensive understanding of these behavioral responses. 

Keywords: Drosophila melanogaster, phototaxis, behavior, light, survival 
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Introduction 

Studying phototaxis and geotaxis in animals allows researchers to gain a better understanding how light and 
magnetic forces can affect their behavioral and sensory functions. Research in phototaxis is beneficial because it 
can be essential for animals finding food, mates, shelter, migration, and survival. Drosophila melanogaster were 
chosen for this experiment because of the short generation time, high reproductive rate, genetic tools and 
homology, behavioral assays, and biological similarities fruit flies share with humans. Fruit flies are used in many 
scientific experiments because of these qualities and how they can relate to behavior, neurobiology, and genetics. 
The purpose of this experiment was to use Drosophila melanogaster as an animal model for phototaxis. This 
experiment was designed to help future veterinary students learn and understand phototaxis in animals. The 
experimental phase of this study was focused on the phototactic behavior of fruit flies under a controlled light 
environment. Although there were minor setbacks in the experiment, the researchers examined literature and 
did a literature review looking at past experiments. The mentor also provided additional information and 
resources to help guide and allow a better understanding of phototaxis and geotaxis in animals.  

Process  

The process of selecting this project was to gain a better understanding of the effects of light and magnetic forces 
on animals. Learning more about the light sensitives and magnetic forces in animals can allow researchers to 
understand how genetics and environment can affect animals. Researchers can determine what factors affect 
mating, behavior, migration, and survival skills of insects, birds, and other species that can help the future of 
neuroscience, behavior, and genetics. The experiment was unable to be completed since the environment 
conditions in the Moye Science Hall at Barton College were not suitable for the fruit flies to survive and 
reproduce. The researchers completed a literature review to gain more knowledge about how phototaxis and 
geotaxis affect Drosophila melanogaster.  

Project Selection  

This project was selected because learning the light and magnetic factors that affect the behavior and sensory 
function of animals can help students in the veterinary field gain a better understanding about animal behaviors 
and functions. Not only is it beneficial for students but also researchers to learn how genetics and environment 
can impact the behaviors and sensory functions of different species. There are many ways that studying fruit flies 
can be beneficial in learning more about different species behavior. The sensory processes that are most 
commonly seen in common between fruit flies and other species are their visual pathways, neurological 
pathways, and sensory functions. Fruit flies were an ideal subject for this experiment because they have a short 
generation time, high reproductive rate, similar genetic makeup as other species, and their behavior is easy to 
observe. It was important to pick a subject that had a short generation time and high reproductive rate, since the 
experiment was conducted throughout a twelve week period. It typically takes about ten to fourteen days to 
complete a full generation cycle of fruit flies from egg to adult. The time required to culture fruit flies depends 

Barton Journal, vol. 1, no. 1, Spring 2026 91 
https://bartonjournal.org/ 



on various factors such as temperature, food availability, and the specific purpose of the culture. There were 
multiple researchers conducting this experiment. Each looked at the different behaviors associated with geotaxis 
and phototaxis and compared whether fruit flies had a positive or negative response to them.  

Background and Prior Work  

Phototaxis is the behavioral response that affects an animal’s movement based on light. The movement that can 
be seen with phototaxis is either toward or away from the light and it depends on what wavelength of light 
attracts the species. Positive phototaxis is when an animal is attracted in moves toward the light and negative 
phototaxis is when the animal moves away from the light. The photoreceptor neurons in the eye are what 
transmits information to the neural circuits in the brain, causing the animals to either be attracted or 
unattracted to the light (Humberg & Sprecher, 2017). Phototaxis in fruit flies provides a valuable experimental 
model for the studying of the genetic, neural, and behavioral mechanisms underlying light perception and 
response, with relevance to both basic neuroscience research and potential applications in fields such as 
neurobiology and chronobiology. Studying phototaxis provides insights into the sensory and behavioral 
mechanisms of organisms. It helps researchers understand how organisms detect and respond to light, which 
can have implications for fields such as neuroscience, chronobiology, and the development of light-based 
therapies.  

Geotaxis is a behavioral response that affects an organism’s movement based on a gravitational force. Positive 
geotaxis allows the organism to move downward toward the gravitational pull, whereas negative geotaxis is when 
an organism moves upward against the gravitational pull (Fedele et al., 2014). Negative geotaxis can occur due to 
two geotactic genes that are found in Drosophila melanogaster. The two genes that were found to be important 
in negative geotaxis were cryptochrome and pigment-dispersing factor (Bae et al., 2016). Another part of 
negative geotaxis that is important is pyrexia, which senses gravity (Bae et al., 2016). However, there is also an 
environmental factor that has also been shown that affects geotaxis in organisms. An electromagnetic field can 
disrupt a fly’s negative geotactic ability causing them to be unable to move upward away from the gravitational 
pull (Fedele et al., 2014). The cryptochrome and pigment-dispersing factor genes are a part of the circadian 
rhythm machinery (Toma et al., 2002). Cryptochrome is a blue light circadian photoreceptor that is found in 
Drosophila (Fedele et al., 2014). The circadian photoreceptor can be found in the flies brain, which allows the fly 
to be on a 24-hour clock cycle (Fedele et al., 2014). Cryptochrome can also encode a conserved photo pigmented 
protein that moderates an element of entrainment (Toma et al., 2002). Pigment-dispersing factor encodes a 
neuropeptide that moderates circadian locomotor activity (Toma et al., 2002). These genes are important to 
allow Drosophila the capability to be a locomotive and move in the direction that gravity is pulling them, 
whether it is negative or positive.   

Methods  

The experimental phase of this study was focused on the phototactic behavior of fruit flies under a controlled 
light environment. The study was intended to be done across a 12-week period. However, there were challenges 
faced during this experiment. These challenges were environmental factors that would include the fluctuation of 
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temperature in the Moye Science Hall. Therefore, the fruit flies were unable to survive and reproduce in the 
unstable environment and the experiment was not able to be successfully executed. Step one of the experiment 
included collecting a baseline for the fruit fly behavior. The baseline would be done without light stimuli to 
establish a control. By finding the control, it would allow there to be a source of comparison when the light 
exposure trials began. However, since there were inhabitable living conditions for the fruit flies in Moye Science 
Hall there was not adequate data collected for the experiment. Since the fruit flies were unable to survive, it 
prevented any collection of data for a variety of light conditions, including changes in intensity, wavelength, and 
direction of light. Upon the completion of the experiment, the different trials aimed to measure the behaviors of 
the fruit flies in the different light conditions. Finally, the behavior data would have shown the distance traveled, 
the time spent in lit and unlit areas, and other applicable metrics. The data collected from this study would have 
shown the different responses to the variety of light conditions, while also observing the patterns that were 
found in the fruit flies’ phototactic responses. However, since there was a fluctuation of temperatures in the 
Moye Science Hall, there was no data collected or no observations made. Even though the experimental phase 
was designed adequately, the environmental factors that were faced in this experiment prevented the experiment 
from being successful.   

In the completion of this experiment, the data was thoroughly processed and analyzed. The data was organized 
and was thoroughly looked through to ensure that the data was accurate and consistent. When the data is 
organized, it identifies any irregularities, and then prepared for the evaluation. After the sorting of data, the 
researchers intended to create a statistical analysis that passed the effects of the variety of light conditions on the 
fruit flies behavior. This analysis would demonstrate the patterns and correlations found in the phototactic 
responses of the fruit flies. Lastly, the results of the data would be compared to the experimental hypotheses and 
existing literature. In this final step, the results would have determined the consistency of the results found 
within the field of phototaxis.  

Outcomes  

The results of the project provided an understanding of geotactic (the movement in response to gravity) and 
phototactic behavior (the movement away from or towards light) of Drosophila melanogaster (fruit flies). The 
key findings of this experiment showed the specific light conditions that the fruit flies have a stronger 
response—such as different wavelengths, intensities of light, and even magnetic fields. The information found 
also lines up with other research regarding fruit flies behaviors. There were several challenges that arise when 
completing this experiment. The Moye Science Hall was where the experiment was supposed to be conducted. 
However, the building had fluctuating temperatures that created an inhabitable living conditions that prevented 
the growth and reproduction of the fruit flies. These conditions prevented the completion of the planned 
phototaxis experiment, therefore, the experiment was unsuccessful. The environmental challenges that were 
faced in this experiment demonstrated the importance of establishing controlled experimental conditions. The 
research that was conducted afterwards helped gain a wider understanding of the behavioral adaptations and 
sensory processes that are found in Drosophila melanogaster.  
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Future Directions and Applications  

Studying phototaxis and geotaxis in Drosophila melanogaster allows a better understanding of light sensory and 
behavioral adaptations found in fruit flies and other animals. It can also allow researchers to gain a better 
understanding in different fields, for example, genetics, neurobiology, etc. Drosophila melanogaster is a 
commonly used model to research the different sensory, motor control, and behavioral adaptations found in 
animals. Light sensitivity and behavioral responses found in fruit flies can also be used to study other insects or 
even other species, like birds and humans. The project’s findings can also suggest and demonstrate how 
environmental changes and even light pollution can affect different species behaviors and their ecosystems. 
However, this project also presented many challenges and also demonstrated the need for experimental 
challenges to be addressed. In the future, the first step would be to find a solution to the environmental 
challenges that were faced during the experiment. For example, when conducting the experiment, it should be 
done in a controlled environment where the temperature can be regulated to help minimize outside variables 
that result in inconclusive results. Secondly, future researchers can expand on the idea of this project and test a 
variety of lights with different intensities and wavelengths. When looking at a range of light intensity and 
wavelengths, we can find more specific phototactic responses found in specific light sources. Researchers that 
conduct a similar project need to pay close attention to environmental conditions, like temperature, that can 
influence the behavior and the breeding abilities of the fruit flies.   

Conclusion  

Although the experiment was unable to be completed, this capstone project was still able to demonstrate the 
importance of understanding phototaxis and geotaxis found in animals. Phototaxis helps organisms orient 
themselves in their environment. Examples can be seen when animals use the sun or other celestial bodies as 
reference points for navigation during migration or daily activities. If animals did not have these senses, they 
would not be able to fully survive in the world. Studying how gravity and light affect the behavior of animals, 
allows researchers to understand why animals have particular patterns in their lifestyle. If geotaxis was not found 
in animals then they would not be able to differentiate between going up and going down. Phototaxis allows 
animals to either be attracted to or away from light depending on their lifestyle. By studying these important 
topics, it allows researchers to learn more about how environment and genetics affect the behavior of animals. 
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Abstract 

Pediatric cancers called neuroblastomas are often seen in children five years and younger. This cancer occurs 
when the neural crest cells in the adrenal glands, located above the kidneys, do not differentiate properly, 
resulting in abnormal hormone production and tumor growth. Among neuroblastoma cases, the majority arise 
as a result of genetic mutations in a few specific genes. Namely, these genes include the anaplastic lymphoma 
kinase (ALK), paired-like homeobox 2B (PHOX2B), and myelocytomatosis-neuroblastoma (MYCN) genes. In 
all three, the cancer is formed when such genes are amplified. Currently, there are seven main methods of 
treatment of the disease, with the primary pharmaceutical option being inhibitors of the ALK gene. In this 
study, a current ALK inhibitor (Crizotinib) was selected and modified through the alkylation of the piperidine 
ring located in the drug. This alteration shifted the electron density of the molecule, making it more stable when 
metabolized, and the lipophilicity of the drug was increased. As a result, ALK, ROS, and MET receptors were 
blocked through competitive inhibition of the active sites, not allowing ALK 1 and 2 ligands to bind. This 
pharmaceutical decreases tumor growth and increases apoptosis of cancerous cells through a mechanism change 
by which the tumor forms. Along with this, the side effects of the new drug showed hypothetical decreases in 
severity and lower dosage amounts.  
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Unraveling Neuroblastoma: Causes, Treatments, and Future Perspectives 

The neuroblastoma is a form of cancer that arises from genetic mutations. It has been seen mostly in children 
five years and younger. A special type of cell called the neuroblast is the primary cell type responsible for 
neuroblastoma. As these cells develop, they do not grow, divide, or differentiate properly, causing tumors to 
form. In most cases, the cancer is found to be sporadic or hereditary, with different genes mutated that were 
associated with either form or origin. Cases of neuroblastoma have recently been found to have high incidence 
rates, with a majority coming from first-world countries, suggesting its significance. The three most common 
mutations were the ALK, N-MYC, and PHOX2B genes. This study focused on the ALK gene and the 
mechanism of an ALK inhibitor. In the mechanism, the goal of this project was to create a modified version of 
the ALK inhibitor chosen, Crizotinib, to enhance the anticancer effects and decrease the onset time of the drug. 
The ALK gene is responsible for cell growth, and hence, tumor growth as well. Crizotinib was the drug selected 
for modification due to its being the most common ALK inhibitor prescribed for hereditary neuroblastoma. It 
also has regions in the drug that are highly susceptible to modification.  

The drug was modified through the piperidine ring being alkylated on the electronegative nitrogen atom. A 
piperidine ring is a carbon-nitrogen cyclic structure that acts as a scaffold in most pharmaceuticals. Through the 
addition of an alkyl isopropyl group—a three-carbon branched chain—to this ring, the drug became more stable 
in its electronegativity and electron density. As a result, many positive side effects came about, such as an increase 
in cell membrane permeability, a decrease in solubility, and a decrease in dosage amount needed. Benefits like 
these suggest possible modifications that could be made to other anticancer agents or even other medications 
used in modern medicine.  

Process  

Neuroblastoma was chosen as the condition of interest due to its significance in childhood cancers. A timeline 
of significant events, discoveries, and pharmaceuticals developed was created in a previously conducted literature 
review. After completion, a total history of the condition was observed, and areas of possible improvement were 
identified. Once a history was taken, genes of interest were researched to discover why they create tumors and 
how they could possibly be reverted to their original state. The way the genes were reverted was through 
pharmaceutical use.  

A drug was selected for modification with the criteria that it is a) prevalent for neuroblastoma treatment, b) is 
capable of being modified, and c) has dangerous side effects that could be diminished. Crizotinib was the perfect 
option as such. This drug acts as an inhibitor of one of the major genes mutated in neuroblastoma (ALK) to 
create an anticancer effect (Crizotinib, n.d.). When the drug was observed, a few areas were noted as being good 
starting points for modification. Such areas included the piperidine ring, multiple halogens, and a pyrazole ring. 
The pyrazole ring is another cyclic carbon-nitrogen ring in the compound. Next, a list of possible modifications 
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was posed, which resulted in the isopropyl alkylation of the piperidine ring being chosen. The mechanism for 
how this could be done was established, and possible benefits were further analyzed.  

Project Selection 

Across the globe, neuroblastoma is the leading form of cancer in infants and children (National Cancer 
Institute, 2024). Such cancer is caused by hereditary or sporadic factors. This idea suggested there were possible 
ways to prevent hereditary forms from occurring if the genetic mutations could either be reversed or 
underexpressed. The way this is done is through pharmaceutical drug modification. In such pharmaceuticals, 
drugs often present negative side effects, but can be altered using chemistry. Drug modification has been a 
driving force in healthcare, thereby suggesting that theoretical mechanisms have become more prevalent in 
pharmacy.  

Background and Prior Work 

Neuroblastoma, as a form of cancer, was first discovered by a German physician named Rudolf Virchow in 1864 
upon discovering abdominal gliomas (Mandal, 2019). Such tumors developed in the adrenal glands and 
sympathetic nervous system, showing a linkage to neural cells. Specifically, the cells that cause the tumor are 
identified as neuroblasts, which are a cell type located in the adrenal medulla of the adrenal gland. Such cells are 
immature in the sense that they are undifferentiated (ACCO, 2022). When cells mature, they transform into 
cells with a select few responsibilities and are generally located in specific regions of the body. Specifically in 
neuroblastoma, the cells have not differentiated, meaning they are still stem cells, but have no specific function 
in the adrenal glands. Due to this, the cancerous cells often secrete higher levels of hormones, like 
catecholamines, which can be used diagnostically for adrenal tumors (Mandal, 2019). 

Since neuroblastoma was first discovered, the incidence rates globally have increased dramatically among 
children. According to the Cleveland Clinic, this linear increase from 1990 to 1999 and again in 2005-2018 is 
likely due to hereditary factors (2025). Neuroblastoma has shown no evidence of being carcinogenic, meaning 
there has not been a specific chemical/substance shown to cause gene mutations resulting in cancer (Cleveland 
Clinic, 2025). For a cancer to be carcinogenic, it means the cancer is caused by a certain substance or chemical 
that a person might be exposed to. A common example is nicotine being a carcinogen for lung cancer. The 
incidence percentage rate from 1990 to 2021 (Figure 1) depicts the trend of cases being diagnosed 
internationally (Nong et al., 2024). One note of significance was the sharp decline from 2018 onward. A decline 
like this was likely due to the COVID-19 pandemic and a shift in the focus among healthcare providers to 
treating patients afflicted with the virus (Nong et al., 2024). It could also have been as a result of more 
treatments being released around that time period.  
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Figure 1 

Incident Percent Rate Change of Childhood Neuroblastoma 1990-2021 

 

Note. Annual percent change (APC) and trends in global childhood neuroblastoma incidence from 1990 to 
2021.  

A global image showing the incidence rate of neuroblastoma per country (Figure 2) illustrated the prevalence of 
neuroblastoma worldwide (Nong et al., 2024). While there are some countries with a low rate of diagnosis, most 
other countries, especially first-world countries, showed the highest values. This trend likely occurred because of 
the higher quality of healthcare. A majority of third-world countries do not have the equipment or personnel to 
diagnose such conditions, potentially contributing to lower rates. There has not been substantial evidence 
suggesting this, so it was a theory established by the researchers. Even with this in mind, both demographics 
aided in providing evidence of neuroblastoma having great significance, yet few solutions in the medical field.  

Figure 2 

Global Demographic of Childhood Neuroblastoma Incidence 

 

Note. Incidence of childhood neuroblastoma across 204 countries and territories. Number of incidents.  

In 1896, X-rays were used as an imaging technology to identify internal tumors, specifically, for neuroblastoma 
(National Cancer Institute, 2024). X-ray machines produce electromagnetic radiation waves that travel through 
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the patient and hit a wall behind the patient, showing tissue density. Tissues that have a higher density, such as 
bones, absorb more of the rays, which would produce a lighter color. Lighter tissues, such as  skin, do not absorb 
many rays and would produce a darker color on the scan created.  

The N-MYC gene was identified as one of the primary target genes of neuroblastoma in the early 1980s, with 
the first human antibody treatment for neuroblastoma being discovered (Furman, 2021). This gene region is 
responsible for cell growth, division, and differentiation through its acting as a transcription factor for DNA and 
controlling other gene expression. Such a gene as this is labelled as proto-oncogenic, which means the gene could 
cause cancer (National Cancer Institute, n.d.). When a mutation occurred, the gene was overexpressed, and 
tumors were produced, causing cells to become oncogenic. With the N-MYC gene, overexpression led to a worse 
prognosis for the patient after diagnosis. Along with the overexpression, it was commonplace to see a resistance 
to ALK inhibitors in such cases (Bachetti et al., 2010). 

Other genes for neuroblastoma (ALK and PHOX2B) were later discovered in the human genome mapping 
project in 2008 (Barr & Applebaum, 2018). Much like the N-MYC gene, the ALK gene is responsible for 
producing the protein ALK receptor tyrosine kinase (ALKRTK), regulating cell growth (Wulf et al., 2021). 
Most often seen are point mutations of the ALK gene, resulting in overexpression of the gene in sporadic 
neuroblastomas (Holla et al., 2017). A point mutation is one where one nucleotide is changed, affecting the 
reading of the amino acid sequence produced. A disruption in this reading causes small ligands called augmentor 
α and β to over-attach, thus causing overexpression (Shreenivas et al., 2023). When the ALK gene is mutated, 
tumor growth is the primary effect created (Shreenivas et al., 2023). It is also important to note that ALK 
mutations often result from hereditary mutations.  

The third gene of significance, which is similar to the ALK gene, is the PHOX2B gene.  While being attributed 
to neuroblastoma, the PHOX2B gene focuses on division and differentiation of the neuroblasts (Hereditary 
Neuroblastoma, n.d.). Neuroblasts are located in the neural crest of the adrenal gland, which is a region that 
specifically houses these stem cells in fetuses and infants (MFMER, 2025). When mutated, either the amino acid 
sequence is altered, or several nucleotides are switched, which results in incorrect amino acids being inserted into 
the gene (U.S. National Library of Medicine, 2019). When this occurs, the neuroblasts improperly differentiate, 
thus causing tumors to form. It was discovered that each of these three genes is a prevalent cause of the initial 
tumor formation when mutated.  

Once such genes were identified, possible treatments began to be proposed. In 2020, the first monoclonal 
antibody treatment for neuroblastoma was developed and approved for clinical use. Coined as Danyelza®, the 
drug targets antigens present on the tumor cells and produces antibodies naturally by the body. The specific 
antigen is a disialoganglioside antigen, meaning there are acidic residues on the cancer cell affecting its growth 
and adhesion to other cells.  
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Methods  

Research was conducted to begin as a background of neuroblastoma needed to be established. Once complete, 
the causes of neuroblastoma were identified. Initially, it was thought there could be a possible carcinogen 
associated with the condition. However, this was quickly dismissed as all research conducted did not point to a 
carcinogen causing mutation of the genes responsible for neuroblastoma. After it was determined that 
neuroblastoma is only caused by genetic mutations, this path was taken.  

Drug Modification. Through the identification of the genes associated with neuroblastoma, the treatment 
options used were then evaluated. It was observed that pharmaceuticals were most often selected as the course of 
treatment. Using this knowledge, the most common ALK inhibitor prescribed was called Crizotinib and was 
selected for modification. This drug suggested multiple opportunities for adjustment to reduce harmful side 
effects and increase effectiveness.  

Upon further inspection of the drug, the piperidine ring was suggested as the best area of modification. The 
reason is due to it having an electronegative nitrogen atom and its structure causing a scaffolding effect in drugs. 
The orientation of the ring suggests a possible addition of an alkyl group onto the nitrogen. An alkyl group is 
one that is a hydrocarbon chain, and increases lipophilicity and decreases solubility. Knowing this, a mechanism 
was created and tested for possible side effects that would occur in the patient. The mechanism was carried out 
using a base of potassium carbonate (K2CO3). Potassium carbonate acted as a weak base and was able to 
deprotonate the nitrogen atom. Deprotonation is the act of removing a proton from an atom/molecule. Such 
results from the mechanism were compared to the original effects of Crizotinib to establish whether the 
mechanism worked correctly and if the results aligned with the desired effects.  

Outcomes  

The new mechanism and altered form of Crizotinib were tested for impacts on stability and possible clinical 
effects within the patient. It was discovered that the mechanism itself is indeed possible with a near one hundred 
percent yield of the new drug created. These results are likely due to the use of a weak base that does not cleave 
the ring apart into different components. Additionally, it can be reasoned that the piperidine acting as a scaffold 
is more reactive than other elements in the drug under the conditions created for alkylation. Due to there being 
only one hydrogen present on the more electronegative—a chemical property of an element’s affinity for lone 
electrons—nitrogen, this provided the best area for substitution to occur.  

There has been no mechanism proposed for this drug to be modified in the manner executed, suggesting 
alkylation might be more difficult to execute than hypothesized. In other alkylated drugs, results showed that a 
majority of common chemotherapy drugs were alkylated to increase the anticancer therapy. Alkylation causes 
DNA (deoxyribonucleic acid) to be disrupted in structure and function, ultimately leading to cell death 
(Drugs.com, 2025). Since this has been done to other drugs, it was reasonable to theorize that the anticancer 
effects would be increased as a result of the new mechanism and alkylation. With the goal in mind of enhancing 
a drug already on the market, the alkylation of this drug fulfilled the goal set.  
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Regarding other significant characteristics of interest, many of them were altered to give the desired effects. 
Alkylation of the piperidine ring increased the lipophilicity—a substance’s tendency to cross cell membranes 
that have a phospholipid bilayer—of the drug when ingested. The phospholipid bilayer contains a hydrophobic 
tail and a hydrophilic head, which allows the membrane of cells to be selectively permeable to certain molecules 
(Alberts, 1970). The presence of more carbon and hydrogen atoms caused more polar qualities to come about, 
which include high lipophilicity and low solubility. When compared with previous literature, a higher 
lipophilicity is likely to cause the drug to pass through the cell membrane more easily, thus decreasing the onset 
time of the drug.  

Additionally, the solubility—how quickly the drug was metabolized—was decreased. When a substance enters 
the bloodstream, it begins to be broken down until it can no longer be broken down, and at that point, it is 
ready for elimination. Because the goal was to enhance the drug’s already created effects, a decreased solubility 
indicated the drug was not broken down immediately after entering the bloodstream. Hereby, the anticancer 
effects were able to be prolonged, which also allowed dosage amounts to be lower. For the patient, this meant 
that they would not have to receive treatment either as much or in as many doses as the standard.  

Interestingly enough, there were not many obstacles that needed to be tackled when creating the drug 
mechanism. There was only one significant factor, and that was the selection of the drug for modification. The 
original idea was to use a different drug that inhibited the N-MYC gene instead of the ALK gene, but the 
common drugs used for that purpose were not modifiable (Whitfield & Soucek, 2021). Such an issue is not 
severe, though, as this was the first step of analyzing the drug to create the metabolism. More research was 
conducted until it was found that ALK inhibitors, specifically Crizotinib, were a good match for drug 
modification.  

Pharmaceuticals can be modified in many ways, and these are dependent on the structure and functional groups 
within the pharmacophore—the active portion of a drug. Crizotinib was a good drug to select, as many areas of 
the drug are subject to change, like electronegative atoms and nitrogenous rings. The use of a weak base and a 
haloalkane—organic compound with a hydrocarbon chain containing some halogen atom acting as the initiator 
for the reaction—served to alkylate the nitrogen inside the piperidine ring. Therefore, the new drug enhanced 
certain anticancer effects already created. Such effects included lipophilicity, solubility, and dosage quantity for 
patients. It was through the alkylation that the lipophilicity was increased, which allowed the drug to pass more 
quickly through the cell membrane and begin anticancer effects sooner. The lower solubility caused the drug to 
not be metabolized by hepatocytes—cells located in the liver—as quickly, prolonging the anticancer effects 
(Pfizer, n.d.). In doing so, the dosage amount prescribed could be lowered, which could make life slightly easier 
for the patient. Drug modification is an area of pharmaceuticals still being discovered, and through mechanisms 
such as the one created, drugs are being improved, and more patients are being saved.  

Future Directions and Applications  

Future implications include carrying out the new mechanism in a live experiment in the laboratory to see if the 
yield is correct and whether the product created is the desired hypothesized drug. The product would be tested 
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using an FT-IR spectrometer (Fourier- Transform infrared spectrometer) instrument that is able to analyze a 
sample and determine the structure of the analyte very closely. An experiment such as this would need to be 
completed at an institution or facility with proper equipment to do so. In the field of drug discovery and 
modification, simulations are barely being used to test for side effects. One of the innovations with AI is to test 
mechanisms before drugs undergo living trials. It allows for the testing in humans without potentially harming 
humans or animals. Within the field of pharmacy, anyone who graduates with a PharmD degree is able to 
become an industrial pharmacist and work on projects exactly like this one, except with the real compounds and 
machines. During rotations in pharmacy school, a majority of candidates will take rotations in such places, so 
even having a theoretical project such as this is extremely beneficial.  

Conclusion  

Neuroblastoma is a form of cancer prevalent in young children. It arises from improperly differentiated 
neuroblasts and is often caused by genetic mutations. The most common genes altered are the ALK, N-MYC, 
and PHOX2B genes. All three of these genes are overexpressed in neuroblastoma, causing abnormal cell growth, 
division, and differentiation. For the ALK gene, drugs identified as ALK inhibitors are used to reduce the 
overexpression caused by the mutation. The most common ALK inhibitor, known as Crizotinib, can be 
modified using different reagents to alter the functional groups of the pharmacophore, which changes certain 
side effects. With the objective in mind of adjusting this pharmaceutical for neuroblastoma to obtain desired 
results physiologically, a new mechanism was created to slightly alter the drug. The region altered was the 
piperidine ring, which was alkylated with an isopropyl group. This alkylation resulted in a higher lipophilicity, 
lower solubility, and lower drug dosage for patients. Drug modification, as witnessed here, is a field of pharmacy 
being thoroughly explored to enhance drugs already on the market by improving side effects and improving the 
quality of life for patients undergoing all forms of treatment. The field of medicine would benefit greatly from 
alterations like this, and many more conditions could become treatable after such alterations.  
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Abstract 

Fear of missing out (FOMO) is experienced and determined by four key aspects: belonging, social anxiety, 
emotion, and acceptance—things experienced by all people, but with a greater impact on some. In the modern 
digital world, these aspects are deeply tied to social media use and daily online habits. This study examined the 
emotional experiences of FOMO among students at a small liberal arts college through a survey measuring 
screen time, social media behaviors, and personal responses to exclusion. Using a cross-sectional design and 
Likert-scale questionnaire, patterns were analyzed to reveal how students experience and report FOMO. Results 
suggest that while many students experience FOMO-related feelings, severity varies across individuals and 
gender groups. Campus culture, including involvement as a student athlete, likely influences how these 
experiences are reported. 

Keywords: Fear of Missing Out (FOMO), social media use, college students, social comparison, digital behavior   
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Introduction 

Whether online, in person, or across daily life, interactions between one person and another are shaped by an 
individual’s sense of belonging, social anxiety, emotions, and desire for acceptance by others. These four key 
aspects are also what influence a person’s fear of missing out from interactions, commonly referred to as FOMO. 
Researchers such as Liebowitz (1987), Pryzybylski (2013), and Elhai (2017) have examined these aspects of 
personal interaction, showing how unmet needs, anxious thoughts, and constant access to social media 
contribute to repeated cycles of FOMO. While FOMO may encourage social engagement, FOMO is often 
associated with negative outcomes such as anxiety, stress, and feelings of inadequacy. Understanding how these 
ideas work independently and collectively is necessary to reveal how FOMO is not simply about missing a 
concert or social event, but about deeper psychological needs that influence behavior. 

On college campuses, FOMO is especially relevant because peer relationships, social comparison, and inclusion 
are central to student life. Students often feel pressure to check social media frequently, stay aware of social 
events, and remain updated on group activities out of fear that they might miss out on something important. 
Emotional discomfort resulting from FOMO can involve behavioral patterns such as constantly refreshing apps, 
feeling the urge to respond quickly to messages, or adjusting daily routines to avoid exclusion. 

This study measured FOMO and related behaviors among students enrolled at a small, liberal arts college in 
order to better understand how digital connection, emotional experience, and campus culture intersect in 
shaping student experiences. 

Literature Review  

This study is grounded in four psychological components of FOMO: belonging, social anxiety, emotion, and 
acceptance. Together, these components illustrate how FOMO is not a single feeling, but an interaction of 
internal needs and external pressures that shape both behavior and self-perception. Although some of these 
sources are older, they are foundational to understanding the development of FOMO and social anxiety, and 
continue to be widely referenced in current research.  

Belonging 

Belonging shows how important it is for people to feel accepted and connected to others. It makes one feel as if 
one’s worth is measured by one’s ability to fit in with a certain group or status. According to Liebowitz (1987), 
individuals with social anxiety often avoid group interactions, which determines their sense of belonging. 
Although the term FOMO was originally coined by Patrick J. McGinnis (2004), Pryzybylski (2013) expanded 
this perspective by suggesting that FOMO emerges when basic needs are not met, specifically relatedness, or the 
need to feel socially connected and valued by others. Elhai (2017) added that unmet social needs drive 
compulsive phone and social media checking. Collectively, these researchers revealed that the desire to stay 
connected reflects an underlying fear of being excluded from meaningful opportunities or relationships. 
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Social Anxiety 

Social anxiety places individuals in a difficult position: they want to belong, but are afraid of being judged. The 
Liebowitz Social Anxiety Scale (LSAS) captures this fear and avoidance (Liebowitz, 1987). The scale measures 
levels of social fear and avoidance across a range of everyday social situations, providing insight into how 
individuals experience and respond to social anxiety. Building on this understanding of social anxiety,  
Pryzybylski (2013) demonstrated that FOMO is tied to negative emotions and heightened self-monitoring. 
Similarly, Elhai (2017) found that FOMO often serves as the pathway between anxiety and smartphone use. 
Relying on screens may not lessen anxiety, but instead reinforces avoidance behaviors. 

Emotion 

Emotion is at the root of FOMO because fear, worry, and unhappiness shape how people experience missing 
out. Liebowitz (1987) emphasized fear and avoidance as central emotional responses in social anxiety. Expanding 
on this idea, Przybylski (2013) found that FOMO correlates with negative emotions such as worry and 
discontent when individuals are excluded from valued events. Emotion makes FOMO self-reinforcing, as these 
negative feelings increase online engagement, which can intensify comparison and stress. 

Acceptance 

Acceptance is a core part of human relationships because individuals naturally seek approval from others. 
Liebowitz (1987) showed that fear of rejection often leads to avoidance of social interactions, threatening one’s 
sense of acceptance. Supporting this concept, Przybylski (2013) explained that FOMO arises when needs such as 
belonging and acceptance are unmet. Additionally, Elhai (2017) connects unmet acceptance needs with 
unhealthy phone use. In the context of seeking acceptance from others, recognition through likes and 
comments, as visible forms of social approval, can strengthen dependence on online validation. 

Study Design 

The design of this study aimed to measure FOMO and related behaviors among college students in a structured 
and reliable way. A survey-based approach was used because FOMO involves internal experiences and personal 
habits, best represented through self-reporting. Grounded in established FOMO research and key psychological 
components, the study design guided the selection of variables related to social media behaviors and emotional 
responses. The study specifically examined emotional experiences of FOMO through social media habits, screen 
time, triggers, and platform usage. Data were collected using a Google Forms survey distributed to participating 
students, faculty, and staff at a small liberal arts college. Participation was voluntary and anonymous. The survey 
included demographic questions, daily screen time, social media usage, a FOMO scale, and open-ended 
responses. Likert-style questions strengthened reliability and aligned with previous FOMO research.  

Survey questions measured anxiety about friends’ activities, social media checking habits, discomfort when 
offline, comfort taking breaks, and questioning one’s social life after viewing posts. Responses varied across 
participants, with many clustering around neutral or disagreeing options, though some indicated moderate 
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agreement with FOMO-related behaviors. Questions included: a) on average, how much time do you spend on 
your phone each day (Hours); b) I get anxious when I don’t know what my friends are doing (Q1); c) I often check 
social media to see what others are doing (Q2); d) I feel uncomfortable when I am offline for too long (Q3); e) I feel 
fine taking breaks from social media for a few days (Q4); f) seeing others’ posts makes me question my own social 
life (Q5); g) which platform triggers your FOMO the most (Q6); and h) on a scale of 1–10, how often do you 
experience FOMO in your daily life (Q7). 

Population 

The population for this study consisted of individuals who voluntarily responded to a survey about Fear of 
Missing Out (FOMO) and social media behaviors. The survey was distributed to all members of the college 
community, including students, faculty, and staff, to increase the sample size and capture a broader range of 
perspectives. A total of 45 participants completed the survey. Participants ranged in age from 18 to 76 years old, 
although the majority of respondents were traditional college-age students between the ages of 18 and 25. 
Although the campus itself is in a rural setting, the college is a small, private, liberal arts institution with a 
close-knit student community and strong emphasis on undergraduate education. The student population 
includes individuals from both rural and urban backgrounds, reflecting a diverse mix of social experiences and 
levels of engagement, which provides a variety of perspectives on social media use and social comparison.  

Data 

The design of the survey questions was inspired by the LSAS scale, with wording adapted to fit the content of 
social media use and FOMO. The questions were organized into categories that focused on behavioral habits 
and emotional responses. Habit-based questions asked about frequency of social media use, screen time, and 
engagement patterns. Emotion-based questions explored feelings such as anxiety, exclusion, and the urge to stay 
connected. This structure allowed for a clearer understanding of how behaviors and emotions contribute to the 
experience of FOMO. Respondents were organized by gender and age group. Of the respondents, 12 identified 
as male, 26 as female, and 1 as nonbinary. The majority of the participants (38)  were between the ages of 18 and 
25, and no respondents fell within the 36-45 age range. Ultimately, participants over age 25 were excluded in 
order to have a meaningful analysis focused on traditional college-age students (Table 1). 

Table 1 

Responses from Participants Aged 18–25 

No. (f/m) Hours Q1 Q2 Q3 Q4 Q5 Q6 Q7 
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1 (f) 

3 (m) 

4 (m) 

7 (f) 

8 (f) 

9 (f) 

10 (f) 

12 (m) 

14 (f) 

15 (m) 

16 (f) 

17 (f) 

21 (m) 

22 (m) 

23 (f) 

24 (f) 

25 (f) 

27 (f) 

28 (f) 

29 (m) 

30 (f) 

31 (f) 

32 (f) 

33 (f) 

6–8 

4–6 

4–6 

4–6 

6–8  

4–6  

6–8  

4–6  

6–8  

4–6  

4–6  

2–4  

4–6  

2–4  

> 8  

4–6  

4–6  

> 8  

4–6  

< 2  

4–6  

6–8  

4–6  

4–6  

– 

– 

– 

d 

sd 

d 

n 

sa 
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sd 

d 

sd 

sd 
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– 

– 

– 

– 

– 

– 

– 

– 

– 

– 

n 

d 

sd 

n 

a 

sd 

sa 

d 

sa 

d 

n 

sd 

d 

d 

Instagram 

Instagram 

Other 

Instagram 

Instagram 

Instagram 

TikTok 

Facebook 

Snapchat 

TikTok 

Instagram 

Snapchat 

– 

Instagram 

Snapchat 

Instagram 

Instagram 

Snapchat 

Snapchat 

Snapchat 

Instagram 

Instagram 

Instagram 

Snapchat 

9 

9 

2 

5 

5 

7 

7 

4 

10 

3 

4 

3 

1 

2 

6 

3 

6 

2 

3 

2 

4 

3 

6 

6 
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34 (f) 

35 (f) 

36 (m) 

37 (f) 

38 (f) 

39 (m) 

40 (m) 

41 (m) 

42 (f) 

43 (f) 

44 (m) 

4–6  

4–6  

2–4  

2–4  

2–4  

4–6  

2–4  

4–6  

6–8  

2–4  

4–6 

sa 

a 

a 

a 

sd 

d 

– 

d 

d 

sd 

– 

n 

a 

n 

n 

a 

n 

d 

sd 

n 

n 

sd 

sd 

n 

d 

d 

n 

d 

sd 

d 

sd 

d 

sd 

n 

d 

n 

a 

d 

n 

n 

sd 

d 

d 

sd 

sd 

n 

a 

n 

a 

d, n 

sd 

d 

n 

n 

sd 

Snapchat 

Snapchat 

Instagram 

Instagram 

Instagram 

TikTok 

– 

Snapchat 

Instagram 

TikTok 

TikTok 

2 

8 

7 

6 

8 

2 

2 

5 

2 

4 

2 

Note. Respondents arranged by age (youngest to oldest). Abbreviations used include: agree (a), strongly agree 
(SA), neutral (n), disagree (d), strongly disagree (SD), and no response (–). 

Findings 

Overall, the results suggest that many students experience feelings related to FOMO, though severity differs. 
Some participants reported stronger concerns about social comparison and exclusion, while others reported 
lower levels of these feelings. More male participants reported that seeing posts from others made them question 
their own social lives more than female participants did. These differences may be influenced by factors such as 
maturity, social involvement, or campus culture. Some research has found that males report higher levels of 
FOMO among college-aged individuals (Brailovskaia et al., 2023; Qutishat et al., 2020). However, other studies 
have found little to no gender difference in FOMO experiences, suggesting that social comparison and online 
behavior patterns may play a larger role than gender alone (Servidio et al., 2024; Li et al., 2024). These mixed 
findings suggest that while gender may influence how some students experience social comparison online, other 
factors such as peer groups, campus involvement, and social media habits may also shape their experiences. The 
results of this study reflect a similar pattern, as male participants showed slightly stronger social comparison 
responses when viewing others’ social media posts.  

The college’s large student-athlete population may have influenced the results. Student-athletes make up 
approximately 54% of the student body (T. Little, personal communication, Dec. 11, 2025). Student-athletes 
often have demanding schedules due to practices, games, and team commitments, which may reduce free time. 
Their social lives may center around teammates, potentially reducing reliance on social media for connection. 
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However, seeing events they cannot attend may also influence how they experience FOMO. Athletic 
involvement was not measured and may have acted as a confounding variable. 

Limitations 

Limitations of this study include sample size, incomplete responses, and lack of athletic participation data. 
Future studies should account for athletic involvement and expand participant numbers for stronger 
conclusions. A small sample size limits how well the findings can be generalized to a larger population. 
Incomplete responses might reduce the reliability of the data, as missing information can weaken overall patterns 
and interpretations. Additionally, not accounting for the athletic population overlooks an influential variable, as 
involvement in sports may affect time availability, social engagement, and social media use, all of which are 
connected to experiences of FOMO. 

Conclusion 

Among college students, digital platforms amplify feelings of belonging, acceptance, emotion, and social anxiety. 
These influences ultimately shape how exclusion is experienced. Findings suggest that while many students 
report moderate FOMO-related feelings, severity varies depending on individual and contextual factors. 
Campus culture, particularly athletic involvement, might influence how students experience social comparison 
and digital connection. Future research should repeat the study while accounting for athletic participation and 
expanding the sample size. Aside from these potential areas for broadening the research, information obtained in 
this study confirms the use of established measures related to belonging and social anxiety as means of measuring 
FOMO. Furthermore, it should be noted that understanding FOMO in college populations remains important 
for addressing student well-being and the impact of social media on mental health. 
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Abstract 

Artificial Intelligence (AI) is no longer a futuristic concept  only used in elite-tier global sports franchises; it has 
become a fundamental operational tool for professional sports organizations at all levels (TFL, n.d.). This case 
study examines the digital transformation of a second-division German ice hockey club through the lens of a 
marketing and operations internship. The organization uses a diverse AI strategy, including engagement analysis 
through automated marketing systems (Forbes Technology Council, 2025), performance optimization with 
tracking data (Panchal & Singh, 2025), and strategic scouting through data-driven recruitment (Vuorenmaa, 
2025). Through the use of design tools, automated newsletters for sponsor analysis, and tactical video software, 
the club shows how mid-sized enterprises can attain efficient operations (LBS, 2026). Important insights suggest 
that the success of AI depends on striking a balance between human insight and fast processing capabilities 
(TFL, n.d.). Nevertheless, such a shift calls for organizational preparedness and strong data protection policies 
(Vuorenmaa, 2025; Asiabar et al., 2025). The enterprise represents how AI operates as an online assistant, 
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allowing human workers to focus on creativity and strategy in a highly competitive sporting setting (TFL, n.d.; 
Vuorenmaa, 2025). 

 

Introduction 

The international sports industry is currently witnessing a significant transformation, with the AI sports market 
expected to grow to roughly $30 billion by 2032 (TFL, n.d.). AI will eventually become an essential component 
of sports, and its implementation will be crucial for organizations to stay ahead of their competition. While 
most of the academic literature and articles focus on the top-tier level, such as the NFL or English Premier 
League, the real importance of AI is presented in mid-tier professional leagues where resources are tight, and 
efficiency is essential, because it shows what a difference AI can make (Vuorenmaa, 2025). At this level, the 
implementation of new systems must be well-calculated and bring benefits to the organizations in the near 
future (PwC, 2024, as cited in Vuorenmaa, 2025). This case study focuses on a German second-division ice 
hockey club to show how AI integration changes sports management from the front office to the locker room. 

Artificial Intelligence in this context is defined as technology that simulates human learning, problem-solving, 
and decision-making (TFL, n.d.). In the organization, AI is applied across five key areas: strategy and tactics, 
talent recruitment, fan engagement, health and performance, and design (TFL, n.d.). In these areas, AI is used in 
different ways and for different purposes, but in the end, it is to make work more efficient. For a club that is 
fighting for promotion back to the top level, these technologies provide a major advantage over competitors 
relying on traditional, slower methods, since not all teams across the league are at the same stage of this 
restructuring process (TFL, n.d.; Vuorenmaa, 2025). This research shows the organization’s change, 
highlighting how AI leads to deeper fan connections, streamlines sponsorship management, and enhances 
athletic performance and health through predictive analytics (Forbes Technology Council, 2025; Panchal & 
Singh, 2025). High performance in all these areas is essential to bring the best results on the ice and lead the club 
back to success. 

Context and Background 

The organization is a founding member of the German Hockey League (DEL) and has a significant history with 
both championships and financial restructuring. After the last restructuring, the club is currently competing in 
the second German Hockey League (DEL2), where they are in the playoffs fighting for promotion, which shows 
the organization’s high ambitions. The club operates as a for-profit professional sports organization, focusing on 
high-level ice hockey and entertainment. Under its new owner, who took over the club as well as the team’s 
multi-purpose arena, in 2021, a major responsibility of the organization is not just to market the hockey team 
but also the arena for other events, like concerts. Since the new owner took over the organization, there has been 
a visible change from a traditional club towards a more modern approach to set the foundation for future 
success (TFL, n.d.; Vuorenmaa, 2025). Focusing on the hockey team, the organization has a business model 
centered around three major revenue streams: ticket sales, regional sponsorship partnerships, and merchandise 
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sales, with ticket sales and sponsorship deals being the major portion of it (Vuorenmaa, 2025). 

The stakeholder landscape of the organization is complex and directly related to the performance on and off the 
ice. Primary stakeholders include the owner, loyal and supportive fans, and a network of regional sponsors who 
use the club as a platform to showcase their products. The fans and sponsors have a major impact on the 
organization’s success, which is why their satisfaction is a major priority for the club to drive engagement and 
boost loyalty (Forbes Technology Council, 2025; Vuorenmaa, 2025). The organization employs a mix of 
full-time administrative staff, including marketing, management, and finance, as well as professional athletes and 
a specialized and diverse coaching team. 

All these stakeholders must work hand in hand to succeed in an environment of high emotional visibility and 
performance pressure (Vuorenmaa, 2025). In professional sports, one wrong decision can cost success and 
millions of dollars, making data-driven decision-making essential  (Vuorenmaa, 2025). In past years, the 
organization implemented major changes, including the renovation of the arena to make room for more fans 
and the expansion of the marketing and management staff to work more efficiently. 

The club also prioritized a digital transformation, utilizing AI as a “strategic tool” to redefine how the sport is 
coached and managed (LBS, 2026). This allows the club to bridge the gap between its second-division resources 
and its first-division ambitions through the intelligent use of data (Vuorenmaa, 2025). These changes are not 
just made to reach short-term success but to ensure the organization remains long-term sustainable on the 
highest level while safeguarding athlete well-being (Asiabar et al., 2025; Panchal & Singh, 2025). 

Case Description 

During a five-week internship in the marketing department during the winter of 2025-2026, I directly 
experienced how Artificial Intelligence (AI) is influencing the organization’s work (TFL, n.d.). The workload 
was mostly divided into three major sectors: sponsorship management, event planning, and digital content 
creation. It also became evident that AI was also used by the coaching staff for tactical analysis, performance 
monitoring, and scouting issues (TFL, n.d.; Vuorenmaa, 2025). 

The marketing department utilized AI-powered design tools, specifically Canva’s AI assistants, ChatGPT, and 
Google Gemini, to handle repetitive tasks such as background removal and merchandise layouts. While the 
creative ideas still originated from humans, AI acted as a “virtual assistant” that helped handle the “heavy lifting” 
of design to create final products for social media (TFL, n.d.). This significantly reduced the time needed and 
improved the quality of social media content and website materials (TFL, n.d.). To manage the sponsoring 
network, the organization also implemented an automated engagement system for a newsletter. This system 
helped create content in advance and send it at specific times using a scheduled send-out option. The manager of 
the marketing department noted that professionals should develop an understanding of how to use AI tools 
effectively and in a balanced manner for specific use cases (L. Thier, personal interview, 2026). 

More important than the scheduling option is the AI tracking that created statistics on who and how many 
sponsors opened and engaged with the newsletter (Forbes Technology Council, 2025). For the marketing 
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department, it is extremely important to see which sponsors are invested in the product to secure sponsorship 
renewals (Forbes Technology Council, 2025). As noted by another employee, analytics tools for reach 
measurement and trend analysis are already essential and will be even more critical in the future (T. Kurtz, 
personal interview, 2026). 

Beyond marketing, the coaching staff implemented AI into game preparation. Computer-vision-based video 
analysis is used to get data-driven insights on other teams, such as attacker shot locations or goalie save 
percentages, which allows for a more objective evaluation of the game (LBS, 2026). This technology reads the 
game pixel by pixel, providing objective tactical patterns while eliminating human subjectivity (LBS, 2026). This 
allows players to work on specific save routines and helps coaches develop game-day strategies based on win 
probabilities and historical performance data (TFL, n.d.; LBS, 2026). 

The medical and athletic staff used wearable trackers to monitor biometrics like heart rate, distance skated, and 
time on ice (TFL, n.d.). These tools are part of a broader trend toward precision healthcare in sports (TFL, n.d.). 
Through analysis of these datasets, it is possible for medical personnel and athletic trainers to foresee future 
injury risk and performance degradation, and make better decisions concerning player rotation and rest periods 
(Panchal & Singh, 2025; Asiabar et al., 2025). It should be noted that in fast-paced environments, this is a crucial 
element toward extending an athlete’s career (Panchal & Singh, 2025). Research findings suggest that the AI 
models used can predict performance with 85-90% accuracy and minimize overuse injuries by 20-30% (Panchal 
& Singh, 2025). 

Another area where artificial intelligence has had an important impact is rostering, where organizations have 
used a data-driven method to scout for players (Vuorenmaa, 2025). This is achieved through scouting platforms 
using analyzed data via AI, thus making it possible to access statistical information for thousands of athletes to 
find those that match the criteria of a team (TFL, n.d.). While the scouting process eliminates bias, finding the 
right mix of both AI models and human judgment is key to making good recruiting decisions (Vuorenmaa, 
2025; TFL, n.d.). 

Analysis 

In the organization, there is the usage of artificial intelligence in various departments as for varying purposes. A 
critical area in this case is that AI is a benefit and assistant, and not a replacement for human judgment (TFL, 
n.d.; Vuorenmaa, 2025). As the sources indicate and based on the experience during the internship, modern 
sports professionals must act as a bridge between AI insights and human intuition to use these tools to the 
organization’s benefit (TFL, n.d.; Vuorenmaa, 2025). For the organization, this was applicable in the marketing 
department, where AI handled the “heavy lifting” of data processing and design interaction, while the staff was 
able to focus on high-level creativity, community engagement, and relationship building with sponsors (TFL, 
n.d.; Vuorenmaa, 2025). However, an understanding of how AI works and the risks associated with it, such as 
algorithmic bias, is essential to ensure it does not influence operations negatively (Vuorenmaa, 2025; Asiabar et 
al., 2025). This is one of the reasons that the manager of the marketing department emphasized that basic 
technology knowledge is already a professional requirement (L. Thier, personal interview, 2026). 
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It can be concluded that the successful implementation of AI at the DEL2 level is possible through a 
combination of three elements: commitment from the leadership, strong strategy, and knowledge of technology 
(Vuorenmaa, 2025). The organization demonstrated the commitment under the new ownership as it has shown 
a desire to shift its processes and methods from traditional to more modern and digital ones (TFL, n.d.; 
Vuorenmaa, 2025). Such commitment is crucial, considering that while tradition plays a significant role in 
sports, there is a need for organizational change in order to maintain competitiveness and viability (Vuorenmaa, 
2025). Using a phased process makes it possible to introduce more advanced technologies to the work process 
without interfering with ongoing operations (Vuorenmaa, 2025). Thus, introducing advanced technological 
progress to the organization prevents it from falling behind because of the unwillingness to adopt innovations 
(Vuorenmaa, 2025). 

The use of wearables to collect biometric and personal data raises the ethical issue of data privacy (Asiabar et al., 
2025; Vuorenmaa, 2025). Considering the fact that the information being collected through the system can be 
classified as sensitive, the organization should have strong legal regulations, such as GDPR, to protect the data of 
both the organization and the athletes (Asiabar et al., 2025; Vuorenmaa, 2025). Therefore, it is crucial to use 
such data exclusively for the purposes of helping the athletes and protecting it from unauthorized access 
(Panchal & Singh, 2025; Asiabar et al., 2025). Since safety through law takes the highest priority, the 
organization needs to consult specialists who would evaluate such AI-based solutions and create a proper 
framework (Asiabar et al., 2025). 

Implications and Conclusion 

The case study of this second-division ice hockey club proves that the transition to AI-supported operations is 
not exclusive to world-elite organizations (Vuorenmaa, 2025). For clubs at the DEL2 level, AI provides a critical 
competitive advantage in a fast-paced market and a crowded entertainment landscape (Vuorenmaa, 2025). 
These findings offer broader lessons for future sports professionals, highlighting that small to mid-sized 
organizations can benefit from AI to minimize administrative burdens and close the gap with the top tier in 
terms of efficiency (Vuorenmaa, 2025). AI also assists these clubs in scouting global talent and analyzing 
opponents without the need for massive budgets (LBS, 2026; Vuorenmaa, 2025). Another major benefit is the 
ability to create a personalized fan experience through automated newsletters and interactive social media, which 
deepens the connection with fans—the primary economic driver for sustainability (Forbes Technology Council, 
2025; TFL, n.d.). 

In conclusion, this organization’s journey shows that data-driven decision-making has become the new standard 
for professional sports organizations at all levels (TFL, n.d.; Vuorenmaa, 2025). While the human narrative and 
the unpredictability of play remain the heart of hockey, AI provides the analytical skeleton that supports the 
club’s athletic and economic goals (TFL, n.d.). As technology evolves, organizations must adapt, and individuals 
entering the sports market should be prepared to bring specific skills in AI and new technology to the table to 
help their organizations succeed (Vuorenmaa, 2025; TFL, n.d.). 

 

Barton Journal, vol. 1, no. 1, Spring 2026 118 
https://bartonjournal.org/ 



References 

Dig Watch. (2026, February 6). AI drives bold change with five technologies at Milano Cortina 2026. Digital 
Watch Observatory. https://dig.watch/updates/ai-drives-bold-change-with-five-technologies-at-milano- 
cortina-2026  

Ghorbani Asiabar, Mojtaba; Ghorbani Asiabar, Morteza; & Ghorbani Asiabar, Alireza. (n.d.). Ethical 
implications of artificial intelligence in predicting sports injuries and protecting athlete privacy. Preprints.org – 
The Multidisciplinary Preprint Platform. https://doi.org/10.20944/preprints202511.1681.v1 

Kunert, Jessica. (2020, July 10). Automation in sports reporting: Strategies of Data Providers, software 
providers, and media outlets: Article. Media and Communication, 8(3). https://www.cogitatiopress.com/ 
mediaandcommunication/article/view/2996  

LBS. (n.d.). Artificial vision in sport: Beyond var and hawk-eye. Laliga Business School: Mbas, Masters and 
Sports Courses, Liga de Fútbol Profesional. Retrieved 2026, from  https://business-school.laliga.com/en  

Panchal, Maynak; & Singh, Manish.  (2025). Artificial intelligence in sports analytics for performance 
enhancement and injury prevention. International Journal of Innovative Research and Creative Technology, 
1–15. https://www.ijirct.org/viewPaper.php?paperId=2503052  

TFL. (n.d.). G42: The future of sport and AI. The Future Laboratory. https://www.tiffin.edu/wp-content/ 
uploads/ Report-Future-of-AI-and-Sport.pdf  

Vuorenmaa, Henrietta. (2025, May). Artificial Intelligence supporting scouts [Masters thesis]. Jamk University 
of Applied Science. https://www.theseus.fi/bitstream/handle/10024/893642/Vuorenmaa_Henrietta.pdf; 
jsessionid=ABD49A7FCA30E8E1DEFBDBE905BEE744?sequence=2  

Wang, Xuelong (2019, June 1). Application of grey relation analysis theory to choose high reliability of the 
network node. Journal of Physics: Conference Series, 1237(3). doi:10.1088/1742-6596/1237/3/032056 

 

 

 

 

 

 

Barton Journal, vol. 1, no. 1, Spring 2026 119 
https://bartonjournal.org/ 



 

 

Mindful Horizons: A Mental Health Wellness Center Proposal for Nashville, 
NC 

CASE STUDY 

Katelynn E. Kaestner*, Sarah M. Larkins*, Savannah G. Rodgers*, and Randy Hamm⁺ 

School of Health Sciences, Barton College, Wilson, NC, USA 

*Student author, ⁺Faculty mentor 

 

CITATION 

Kaestner, Katelynn E.; Larkins, Sarah M.; Rodgers, Savannah G.; & Hamm, Randy. (2026). Mindful horizons: 
A mental health wellness center proposal for Nashville, NC. Barton Journal, 1(1), 120–126. https://barton 
journal.org/vol-1-no-1/2026-cat2-article-no-008 

© 2026 Katelynn E. Kaestner, Sarah M. Larkins, Savannah G. Rodgers, and Randy 
Hamm. This article is published under the terms of the http://creativecommons.org/ 
licenses/by/4.0/ License, which permits use, distribution and reproduction in any 
medium, provided the original work is properly cited. 

 

Abstract 

Mental health remains a significant yet often overlooked issue in the United States. In rural towns such as 
Nashville, North Carolina, limited resources and few clinics intensify the problem. Nashville’s primary clinic, 
Primary Care and Urgent Care of Nashville, cannot prescribe psychiatric medications, resulting in patients 
having to seek help at emergency departments and causing treatment delays. To examine these issues, this study 
utilizes descriptive research methods and case study analysis, as well as  scholarly articles, a windshield survey, 
and descriptive observations to identify gaps in mental health services. The windshield survey gathered firsthand 
information from local community members, drawing on all five senses: taste, sight, smell, sound,, and touch. 
Cross-referencing resources and community findings showed that a business proposal foundation for Nashville, 
NC, would be beneficial. This proposal consists of building a mental health wellness center to address the 
mental health crisis in the small town of Nashville, NC, and providing individuals with proper treatment and 
medication administration.  
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Introduction  

Untreated mental health is a very serious topic in many communities; however, the solution lacks available 
resources. Mental health can be affected by many things, such as an individual’s socioeconomic status, physical 
health, and substance abuse. In the 2021-2022 Nash County Community Health Needs Assessment, behavioral 
health was named as one of the top three areas of priority. It was stated that the issue should be addressed by 
community engagement to understand the issue, resources provided to improve it, and progress progress tracked 
(Hill et al., 2022)  

While conducting the research in the community of Nashville, NC, the findings suggested a significant need for 
mental health services in the community, and that an intervention could be made by providing the community 
with a mental health clinic. This clinic would be placed in a vacant building in the downtown area of the 
community and would consist of mental health nurses, office managers, therapists, and a psychiatrist. It would 
also provide a variety of mental health services, such as cognitive behavioral therapy, group and individual 
therapy sessions, and classes to teach participants how to heal and maintain a healthy mental status.  

It was evident that mental health was a very important topic and that there are currently no resources available 
directly in the Nashville community for mental health treatment. There is also no access to public 
transportation in the community, meaning that personal transportation to surrounding communities is the only 
access the community has to mental health care services.  

The purpose of this research project was to address as many mental health needs in the community as possible to 
improve the overall mental health status of the community. The local facility will provide the community with 
easier access to treatment. If constructed correctly, the facility should cause a decrease in mental health crises 
within the community over a period of time.  

Context and Background  

The research took place in the rural area of Nashville, North Carolina. This area consists of an urgent care 
facility for medical treatment and a pharmacy for pharmacological needs. However, the urgent care is not able to 
provide treatment or medication for mental health conditions. They also have to provide a referral to a different 
cities’ facilities in the event of a mental health crisis. Because of the lack of mental health services, members of 
the community must travel to the surrounding communities of Wilson, North Carolina, or Rocky Mount, 
North Carolina, for mental health treatment. This serves as an issue for community members with no means of 
transportation because Nashville lacks access to public transportation systems.  

The lack of mental health services serves as an issue for a large variety of stakeholders. First, there are a large 
number of community members affected by mental health diagnoses. No local mental health treatment means 
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that community members do not have direct access to the resources necessary to sustain a healthy mental status. 
There is also  a financial barrier due to the cost of traveling to surrounding communities to receive care, and a 
burden to families or caregivers of mental health patients in the area. Because there are no local services, 
caregivers have to take on a larger role in the maintenance of mental health diagnoses, especially in the case of 
mental health crises. Because the caregiver is also required to ensure that these patients have transportation to 
receive care, this increases the chances of caregiver strain.  

Not only does the lack of mental health care cause strain on patients and families, but it also causes an increased 
strain on medical services in the community and  surrounding areas. First, it serves as a strain on the urgent care 
and primary care providers within the community. With the lack of mental health services, community 
members go to their primary care or urgent care to seek treatment for mental health. This causes an unnecessary 
increase in patient visits and increases the strain on providers to make the proper referrals. The mental health of 
the community also affects the health care services in surrounding communities. One example of this is the 
increase in mental health crises seen in surrounding emergency departments. If mental health services were 
available in Nashville, emergency departments at UNC Nash and Wilson Medical would likely see a decrease in 
mental health patients.  

Case Description  

When discussing mental health in rural areas such as Nashville, NC, there were some common mental health 
medications found from using the Windshield Survey. Some common medications were prescribed in Nashville, 
according to workers at CVS Pharmacy in Nashville, NC. These common medications consisted of  
antipsychotic medications for schizophrenia and “hormonal” medications. When in rural care, many individuals 
with a mental health illness often go unnoticed or do not get the proper treatment, as there are not enough 
resources available for them. Within Nash County, 20% of individuals indicated that they were unable to receive 
mental health care due to the high cost and insurance, 19% indicated that they lacked the knowledge of where to 
go, and 10% did not have the time to go  (HECSC, 2024). When looking into substance abuse, alcohol was the 
highest-ranked health issue in the survey, which led to concerns about alcohol usage, prescription drug misuse, 
and individuals coping with substance use  (HECSC, 2024). Concluding the review of commonly prescribed 
medications in Nashville, NC, and the county’s overall approach to mental health, it is evident that these factors 
significantly impact individuals’ well-being. 

At Nashville’s “Primary Care and Urgent Care of Nashville,” the Nurse Practitioners indicated that when 
patients come in for psychiatric help that includes medication, they should be referred to the nearest hospital, 
Nash General Hospital in Rocky Mount, NC. The clinic in Nashville is roughly 10 minutes away from the 
hospital. However, mentally ill patients who are not at risk of harming themselves or others tend to wait hours 
to be seen, Emergency Departments identify in triage which patients need to receive care first (Kurhayati et al., 
2025). This can cause individuals to push away from wanting to obtain help because the waiting hours can be 
unbearable for some, such as those with schizophrenia, who can experience their symptoms escalating and cause 
poorer thinking and processing skills (Mayo Clinic, 2024), leading to one leaving the emergency room before 
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being seen. This is due to their symptoms, such as their psychosis, causing them to lose sight of reality (Mayo 
Clinic, 2024). With the delay of treatment, individuals’ symptoms can worsen, which makes it difficult for them 
to perform daily activities or hold a job, and can eventually lead to death by suicide (Mayo Clinic, 2024). Mental 
illness is a chronic condition and needs constant treatment and medications prescribed to help the individual 
maintain their daily activities and be able to function independently. However, as mentioned previously, 
individuals struggle to afford or lack the resources to get the help they need.  

Alternatively, with further research, establishing a for-profit mental health wellness center can specifically help 
these individuals get the care they need. These outpatient services can help individuals receive proper treatment 
and medications when the right team is assembled. The right team will include a psychiatrist, as they are allowed 
to prescribe psychiatric medications that are beneficial for mental health illnesses. There is evidence that factors 
in the physical environment reported as beneficial include sensory design elements, such as colors around the 
individual, sounds, and textures (Sui et al., 2023). These sensory designs, such as the plant colors “green, light 
green, white-green, green-yellow, and green-red”  (Sui et al., 2023), have been shown to reduce stress levels in an 
individual’s everyday life (Kexiu et al., 2021).  Not only that, but these plant colors have shown a correlation 
with positive feelings, including “calmness, comfort, and naturalness” (Kexiu et al., 2021), which suggests that 
these colors can have a positive impact on relaxation and emotional status (Kexiu et al., 2021).  Next, 
engagement qualities that serve as a distraction, such as crafting (Sui et al., 2023) and art therapy, have been 
shown to help mental health as it is a way for individuals to express themselves, which will then help improve 
not only their mental health but also their interpersonal relationships (Shukla et al., 2022). The third benefit is 
the social relationship aspects, including privacy and connection (Sui et al., 2023). An environment that helps 
individuals feel they have their own personal space and are not in a crowded area can help decrease negative 
emotions such as anxiety or feelings of exposure (Sui et al., 2023). Lastly, affective experiences are the space itself, 
as this environment needs to have the individual feel “safe, calm, in control, self-aware, or creative was beneficial” 
(Sui, et al., 2023).  

Overall, a positive environment that is patient-centered for individuals with mental health illnesses can improve 
their well-being. Implementing different types of therapy, such as Art Therapy, can also help individuals’ mental 
health, by improving their depression through self-expression or helping with schizophrenia with what they are 
seeing through their hallucinations or delusions. Along with providing a sense of calm and a place of security, it 
also offers opportunities for emotional regulation and finding better ways to cope.  

Analysis  

The case of limited mental health access in Nashville, North Carolina, can be effectively interpreted through 
several public health and nursing frameworks, including the Social Determinants of Health (SDOH) and the 
Health Belief Model (HBM). These frameworks provide a comprehensive way to understand the barriers 
identified in the community. They also help support the rationale for establishing a local mental health wellness 
center. The Social Determinants of Health framework highlights how environmental and socioeconomic factors 
influence health outcomes (WHO, 2023). In this case, key determinants such as limited transportation, financial 
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constraints, and lack of local healthcare infrastructure impact access to mental health services. The absence of 
public transportation creates a geographic barrier, while financial limitations and lack of insurance further 
restrict people’s ability to seek care. The SDOH principles emphasize that health inequities are often rooted in 
systemic issues rather than individual choices. This directly reflects the findings discovered during this case study. 
The proposed wellness center directly addresses these disparities by improving geographic accessibility and 
potentially reducing financial strain associated with travel. 

The Health Belief Model helps explain why individuals in the community may delay or avoid seeking mental 
health care (Alyafei & Easton-Carr, 2024). According to the HBM, health behaviors are influenced by perceived 
susceptibility, severity, and barriers, along with cues to action. In Nashville, individuals may recognize the 
severity of their mental health conditions, but are discouraged by long wait times in emergency departments, 
cost, or the lack of knowledge about available resources. There is also stigma surrounding mental illness that may 
further reduce perceived benefits of seeking care. Establishing a local wellness center can act as a “cue to action” 
by increasing awareness, reducing stigma through community engagement, and making services more 
approachable and accessible. Additionally, the concept of patient-centered care is evident in the proposed design 
of the clinic (Edgman-Levitan & Schoenbaum, 2021). Research supports that therapeutic environments, 
including calming sensory elements and opportunities for creative expression, can improve mental health 
outcomes. By integrating these features, the wellness center aligns with holistic nursing principles that address 
not only psychological needs but also environmental and emotional well-being.  

Systems theory can be applied to understand the broader impact of the intervention (Komashie et al., 2021). 
The lack of mental health services affects multiple interconnected systems, including families, primary care 
providers, and regional hospitals. By introducing a local wellness center, this “intervention” has the potential to 
reduce strain on emergency departments and enhance overall community health outcomes.  Applying these 
frameworks demonstrates that the mental health challenges in Nashville are complex and require a 
comprehensive intervention. The wellness center is supported by established public health and nursing theories, 
making it a practical and evidence-based solution to address the identified gaps in care. 

Implications 

The findings from this case study have significant implications for public health practice, healthcare delivery, and 
community-level interventions in rural settings. Addressing the identified gaps in mental health services in 
Nashville, North Carolina, highlights the critical need for increased accessibility, affordability, and awareness of 
care. The implementation of a local mental health wellness center could reduce healthcare disparities by 
minimizing transportation barriers and alleviating the burden on emergency departments and primary care 
providers. Furthermore, integrating patient-centered and evidence-based approaches, such as cognitive 
behavioral therapy and therapeutic environmental design, may improve treatment adherence and overall 
outcomes. These implications also extend to policy development, emphasizing the importance of funding and 
resource allocation for rural mental health infrastructure. Strengthening community partnerships and increasing 
mental health education can reduce stigma and encourage early intervention. This case underscores the necessity 
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for interdisciplinary collaboration among healthcare providers to ensure comprehensive and continuous care for 
individuals with chronic mental health conditions. Future research should evaluate the long-term effectiveness 
of such interventions in similar rural communities to inform sustainable healthcare models and improve 
population health outcomes. 

Conclusion  

The findings from this case study illustrate the impact that limited access to mental health services can have on 
individuals and communities, particularly in rural areas such as Nashville, North Carolina. The lack of local 
resources, transportation barriers, financial constraints, and limited awareness creates a system in which many 
individuals are unable to receive timely and appropriate care. As a result, mental health conditions often go 
untreated or worsen over time. This can lead to increased reliance on emergency departments and added strain 
on families and healthcare systems. 

This case highlights broader lessons about the importance of accessibility and early intervention in improving 
mental health outcomes. Communities with limited infrastructure require targeted, locally driven solutions that 
address both systemic barriers and individual needs. The proposed mental health wellness center demonstrates 
how integrating patient-centered care, community engagement, and evidence-based practices can create a more 
effective and sustainable model of care. Additionally, the case emphasizes the need to view mental health 
through a holistic lens, recognizing the influence of social, economic, and environmental factors on overall 
well-being. Ultimately, this case reinforces the importance of investing in rural healthcare systems and 
prioritizing mental health as a critical component of public health. By applying established frameworks and 
tailoring interventions to community-specific needs, similar rural areas can work toward reducing disparities, 
improving access to care, and fostering healthier populations. 
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Abstract  

Since 1964, Nike and Adidas have dominated the sports industry, developing a rivalry that extends beyond 
products and is now focused on building emotional branding to develop their desired consumer perception and 
achieve customer loyalty. This study addressed the role of marketing perception in influencing consumer loyalty. 
Using a quantitative research design, primary data was collected through an online survey designed to compare 
consumer perceptions. The survey was completed by 134 respondents, and sent exclusively to members of the 
college community  with an official institutional email address. The survey was organized into five sections— 
demographics, financial performance, sponsorships, marketing strategy, and consumer perception—allowing for 
both quantitative and qualitative insights. Responses were analyzed and compared with real-world data, 
revealing the significant role that marketing plays when maintaining consumer loyalty. Findings within this 
sample reveal consumer perceptions of Nike and Adidas do not fully align with prevailing industry trends or 
global data. Many differences were identified regarding brand perception and consumer preferences. This 
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suggests that within a specific consumer group, expected brand association may change. While the study 
includes a limited and demographic sample size, it demonstrates valuable outcomes for companies, reinforcing 
the necessity  to continuously evaluate their message across different audience segments.  

Key words: consumer loyalty, marketing, emotional branding, Adidas, Nike  

 

Introduction  

The rivalry between Nike and Adidas has always been influential within the modern sports wear industry. Each 
brand’s customer loyalty is a key to continuing as  a leader in many worldwide sports markets. For instance, 
Adidas is the biggest sportswear manufacturer in Europe and second largest globally, following Nike (Han, 
2025). Nevertheless, both brands go beyond athletic performance and play a significant role in streetwear 
fashion and cultural identity.  

In today’s digital era, brand loyalty has adapted into a new form, known as emotional branding, a term 
introduced by Marc Gobé, focused on targeting customers’ emotions (Wong, 2024). It is a strategy where 
consumers engage with brands that transmit their values within their content, creating real relationships rather 
than just transmitting functional business benefits (Akgün et al., 2013). Therefore, digital platforms have also 
transformed marketing, focusing on creating relationships based on emotional storytelling and personalized 
engagement in order to create and shape loyalty. Within this context, the significance of the Nike and Adidas 
rivalry lies in its cultural and economic influence, as each brand deploys distinct strategies that shape modern 
marketing strategies and consumer engagement.  

The purpose of this study was to analyze and compare how Nike and Adidas use digital ecosystems, emotional 
branding, and cultural positioning to construct consumer loyalty. This research incorporates primary data 
collected through a real survey conducted within a defined audience, with all collected data presented in a 
website specifically developed for the study. The central argument is that brand loyalty is no longer driven 
mainly by product superiority but by emotions, engagement and identity construction. Rivalytics research 
combines theoretical information with original survey data to analyze how Nike and Adidas compete for 
consumer loyalty and which areas dominate in today’s sport industry. The term Rivalytics, created for this study 
by merging rivalry and analytics, refers to a data-driven approach to understanding competitive brand 
relationships.  

Contextual Framework and Scholarly Positioning  

The rapid evolution of digital technology has changed the relationship between consumers and brands. 
Consumers are not only looking for products and services that solely meet their respective needs, but also to 
connect emotionally with brands and their mission. Within this context, the concept known as emotional 
branding becomes highly relevant. Emotional branding is a marketing strategy that seeks to create connections 
through storytelling, customer experience, and  transmission of brand values. In other words, emotional 
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branding strategies are a key factor to increase customer loyalty (Hasibuan et al., 2025). Without customer 
loyalty, all efforts to create deeper emotional connections with customers are useless, since the final objective 
would not have been achieved: to make purchases be constant and create an emotional commitment to the 
brand (Hasibuan et al., 2025).  

Nike and Adidas are the two most popular sporting equipment companies in the world. In fiscal year 2024, 
Nike reported total revenues of approximately $51.4 billion (Nike, Inc., 2024), while Adidas generated about 
$23.6 billion in revenue (Adidas AG, 2025). Each brand’s image and perception are exceptional, and both 
companies have similar strategies and suppliers, making their rivalry more noticeable. Nike Inc, is an American 
multinational corporation mainly focused on the sports industry, selling footwear, apparel, equipment, 
accessories and services (Mahdi et al., 2015). Headquartered in Beaverton, Oregon (USA), and founded in 1964 
as Blue Ribbon Sports, the company was officially renamed Nike, Inc. in 1971. Nike is the world’s leading 
sportswear company (Ozanian, 2013). According to Forbes, Nike accounts for over one-third of the athletic gear 
maker’s market value, dominating the international market through a powerful combination of 
performance-driven design, emotional storytelling, and digital marketing (Ozanian, 2013).  

Nike follows many strategies in order to become a world leader in sports. One of these strategies is a continuous 
focus on innovation and research in order to produce and offer the best equipment to contribute to athletic 
performance, motivation and comfort (Mahdi et al., 2015). Moreover, Nike is a pioneer within this industry by 
using the Market Segmentation Strategy, an approach that advertises its products throughout strategic 
sponsorships with celebrity athletes, such as Michael Jordan, professional teams, and other college athletic teams 
(Mahdi et al., 2015). Beyond performance, the company emphasizes sustainability and social responsibility 
through many initiatives. According to its sustainability data, Nike has achieved a 96% renewable electricity 
coverage for its operations, as well as a 69% reduction of absolute emissions from operations  (Sustainability, 
n.d.). Today, Nike stands as the most valuable sportswear brand globally, leading in both revenue and brand 
equity. Nike’s unique combination of innovation and inspiration continues to shape global sports culture, 
giving Nike a higher competitive advantage in the industry. 

By comparison, Adidas, founded in 1949 in Germany, is also one of the most influential sportswear and lifestyle 
brands in the world. Adidas’s iconic three-stripes logo has become widely recognized across global markets. The 
company focuses more on differentiation and multi-brand strategies, with the aim of having a diverse brand 
portfolio, colliding the worlds of sports and fashion culture. This allows them to target all segments of the 
market, from professional athletes to everyday consumers (Mahdi et al., 2015). The brand maintains a strong 
presence in European markets, while also being represented internationally. This influence is especially visible in 
football (soccer) , where Adidas sponsors elite teams such as Real Madrid and FC Bayern Munich (Adidas, 
2025). Beyond performance, Adidas has developed impactful marketing initiatives related to environmental 
responsibility, such as Parley for the Oceans, a shoe creation made from reclaimed marine plastic waste and 
recycled from ocean waste (Parley, 2023).  

Adidas defines itself as a brand focused on generating innovative concepts that unite performance and culture, 
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creating campaigns that positively influence social wellbeing in all possible ways. The insights previously 
obtained from the conceptual framework are used in Rivalytics to interpret and compare them with the primary 
data acquired in the research. Stated differently, the general market data have been considered to be a baseline of 
expected patterns regarding consumers’ perception and brand positioning about Nike and Adidas. These 
measures are compared with the data collected through the survey component of the study. This comparative 
analysis enables the detection of any deviations from the general expectations, allowing the study to highlight 
those shifts and demonstrate how individuals relate differently to the two brands within a specific context. 

Argument Development  

This section develops the core argument of the Rivalytics study by examining the research methodology, 
consumer loyalty patterns, emotional branding strategies, and marketing insights related to Nike and Adidas.  

Research Design and Methodology  

This survey-based research was conducted through an online survey designed to compare consumer perceptions 
of Nike and Adidas in relation to marketing strategies, brand image, and purchasing behavior. The survey was 
distributed through institutional email, exclusively to members of a small, liberal arts college with a high 
percentage of student-athletes. A total of 134 respondents completed the survey, with questions divided into five 
sections: demographics, financial performance, sponsorships, marketing strategy, and consumer perception. This 
design allowed for both quantitative and qualitative insights. Responses were analyzed to identify patterns in 
brand preference and perception between Nike and Adidas, and later compared with real-world data obtained 
from official brand reports, market analyses, and academic sources.  

Consumer Loyalty Patterns — Survey Results  

Survey data from 134 participants demonstrated a strong preference toward Nike. When forced to choose one 
brand, 70.9% selected Nike, while a smaller proportion preferred Adidas. Similarly, 60.4% reported purchasing 
Nike more frequently, reinforcing the brand dominance within the sample. Moreover, Nike obtained higher 
recommendation scores, between 4–5 range scale, and frequent purchasing behavior among its users, 
demonstrating stronger behavioral loyalty. Nevertheless, Adidas loyalty perception was tied to symbolic 
associations, as its consumers showed more attachment in the lifestyle and comfort-oriented areas. When 
focusing on the research pattern-based observations, loyalty appears to be controlled by perception rather than 
external promotions. Product quality and performance still dominates over any collaboration with celebrities 
and athletes, as data showed that sponsorship influence is minimal (<30%).  

Open-ended responses allowed the research to develop a more critical interpretation of the perceptions of each 
brand. The data connected Nike with an athletic self-identity, linking athletic excellence, iconic athletes, and 
performance with the brand. One respondent described Nike as “more consistent and friendlier to larger 
individuals,” reinforcing the perception of Nike as a brand that not only focuses on performance, but also 
resonates with a broader range of consumers. However, Adidas data was more associated with comfort and 
fashion, indicating a lifestyle brand image. As one participant explained, Adidas is “more about everyday style 

Barton Journal, vol. 1, no. 1, Spring 2026 130 
https://bartonjournal.org/ 



rather than intense performance.”  

Emotional Branding and Identity Construction — Evidence from Data  

Nike dominates the international market by staying true to its mission: bring continuous inspiration and 
motivation (Nike Inc., n.d). This message is constantly reinforced in most of the content to create a whole brand 
voice around performance and empowerment. In fact, Nike has a specific focus on motivational storytelling;  for 
instance, using campaigns such as Just Do It and Winning Isn’t for Everyone to inspire personal improvement 
and athletic achievement (Samadji, 2024). Although most of Rivalytics participants (85.8%) stated that 
marketing campaigns do not influence their purchases much, 44.8% viewed Nike campaigns as more motivating. 
Taking this into consideration, survey patterns closely reflected Nike’s association with inspiration and athletic 
performance, as respondents view the brand as a symbol of personal achievement and self-improvement in the 
sports field. 

When evaluating Adidas’s emotional associations, it is important to focus on the areas the audience connects 
this brand with: soccer, comfort, and fashion. Adidas is internationally recognized for blending sport with 
fashion, lifestyle, and cultural expression, often driven by collaborations with designers, musicians, and 
influencers (Vizologi, 2025). The research findings reinforced earlier observations, as a large majority of 
respondents (76.9%) viewed Adidas’s advertising as more creative and aligned with fashion, lifestyle and cultural 
identity.  

Rivalytics insights revealed a surprising contradiction to the general research trends. An important part of 
Adidas’s reputation relies on its sustainability initiatives, such as its Parley recycled polyester products, attracting 
trend-conscious and environmentally aware consumers (Parley, 2023). Nonetheless, the research sustainability 
perception was weaker than expected. As shown in Figure 3, 71.6% of respondents did not strongly associate 
Adidas with environmental leadership. The emotional drivers that correlate most with loyalty were performance 
perception linked to Nike, and lifestyle identity strongly associated with Adidas. In other words, this 
demonstrates that most of the consumer loyalty patterns in the survey aligned closely with global data. In view 
of the previously examined data, brands focus beyond product value. Brands seek emotional meaning to create 
their desired perception to customers, thus indirectly building brand loyalty and preference.  

Data-Driven Marketing and Consumer Behavior Insights  

Research data shows that Nike and Adidas have distinct marketing strategies, each designed to target specific 
audience connections. It was possible to observe behavioral differences in loyalty within consumers of each 
brand. On one hand, Nike-loyal consumers are performance-oriented, with a higher repeat purchase frequency 
and are less influenced by sponsorship and more by product performance. On the other hand, Adidas-loyal 
consumers are more lifestyle and comfort-driven, with a lower purchase frequency but with a strong positioning 
in the lifestyle and cultural industry.  

Considering the data from the Rivalytics research, three consumer segments can be identified: performance- 
driven buyers, fashion-oriented buyers, and a mix of both, the quality-driven buyers. According to the 
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demographic data of the study, many of the respondents identified as people who consider the two main 
categories equally. Nevertheless, particular attention should be given to the results about marketing campaigns 
in the research. Most participants (85.8%) stated that marketing campaigns do not influence their purchases 
more than product quality. Even though respondents make this claim, they are still aware of the brand’s mission, 
its innovations, and recent actions, demonstrating a long-term influence on their consumer behavior.  

Comparative Strategic Interpretation & Outcomes  

The outcomes highlight Nike as the brand with the strongest emotional loyalty, supported by the primary data, 
in having a higher preference (70.9%), recommendation scores and identity alignment with the audience. 
However, Adidas demonstrated being the strongest in cultural and lifestyle identification. The brand has the 
highest perception of creativity and fashion alignment (76.9%),  strongly associated with lifestyle within its 
target consumers and a present community involvement.  

Counterarguments, Limitations, and Complications  

A counterargument throughout the research can be seen in the main drivers of loyalty. A combined 71.6% and 
58.2% of respondents prioritized comfort, performance and price, respectively (Figure 1). Therefore, despite the 
rise of emotional branding, product performance and price are still the main factors in customer 
decision-making. 

Figure 1 

Main Factors Influencing Consumer Purchase Decisions In The Sports Industry 

 

Note: Data collected through original survey conducted for the Rivalytics study (N = 134).  

This study presents several limitations that should be considered. First, the primary data reflects responses from 
134 participants drawn from a small, private, liberal arts college, representing the perspectives of a defined 
population within a particular academic setting. Second, the research focuses exclusively on Nike and Adidas, 
therefore, the findings are difficult to generalize into the sportswear industry as a whole. Additionally, the survey 
was only conducted within the U.S, although a few participants were from other countries, meaning that 
cultural and geographical differences among consumers were not perfectly captured within the study’s sample. 
Finally, it needs to be noted that the rapid evolution of today’s digital environment will affect marketing 
strategies, thus, the future applicability of Rivalytics. Rivalytics’ findings offer insights into how to shape 
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broader implications and its future directions. The study provides strategic primary data on customer 
perception of the two main brands, therefore, deepening the role of data analytics in this study may be a 
long-term direction to use those results to strengthen customer engagement and behavior. Future research 
should explore the growing role of AI, especially in consumer personalization, with the aim of focusing on how 
machine learning, predictive analytics, and real-time behavioral data enable brands to deliver highly customized 
experiences.  

Conclusion  

This project argues that the rivalry between Nike and Adidas reveals how today’s brand competition is driven 
not only by marketing strategy and performance, but by emotional branding, identity brand construction, and 
data-driven consumer insight, which support the development of loyalty in the long run. Key findings indicate 
that consumers are influenced by how effective brands are in positioning themselves, transmitting their brand 
message and narrative. Furthermore, in order to build the strong community of loyal consumers that every 
company seeks, the study demonstrates that product quality, effective emotional branding, and identity-based 
perception are key drivers of brand preference over competitors in the market.  

Rivalytics results reveal that brand perception within a small, focused audience does not always align and may 
diverge from global market expectations. Therefore, these findings not only highlight the importance of 
collecting specialized and segmented consumer data rather than relying solely on macro-level brand positioning, 
but also illustrates the need for companies to continually evaluate how their message and mission resonate with 
specific audience segments. Nike and Adidas have always been dominant brands in the global sports industry. 
They compete not just through their product and service offerings, but also through the messages they create 
around their brands. Their rivalry surpasses product performance, focusing on building emotional connections 
and influencing how consumers view themselves through the brand. Understanding the Rivalytics framework 
requires recognizing that today’s brand loyalty reflects community belonging that goes beyond functional or 
economic value. 
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Abstract 

This study researched radiographic compounds with the intention of gaining a better understanding of the 
chemical structure and mechanism of action of radiographic contrast agents. Through a series of experiments 
and research methods, conclusions have been drawn about the properties of contrast agents and their effects on 
the body and medical images. Before working with chemical agents, ample research was done on the 
composition and chemistry of radiographic contrast agents. Laboratory experiments were then produced and 
executed using smartphone colorimetry as a tool to receive RGB values for various solutions. These labs were 
created with the intention of using compounds that make up radiographic contrast agents to observe reactions 
in a controlled, less invasive environment. Experimental results align with the research conducted, indicating the 
solubility, redox behavior, and chemical properties of contrast agents. The findings can be used to deepen 
knowledge of contrast agents and, in turn, have an impact on medical technology; the eyes of medicine. 
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Introduction 

This study will analyze the role of contrast agents in radiographic chemistry by examining the mechanisms of 
action and chemical stability. Conducted as a semester-long project, it involved testing and analyzing contrast 
agents in the lab. The work consisted of a combination of research methods and a physical lab component over 
the course of twelve weeks. Iodinated contrast media contain iodine and are used in X-ray techniques, including 
CT (Murphy et al., 2026). The primary administration of iodine-based contrast agents is through an IV, though 
they can also be administered differently depending on the test type or patient needs. Due to their high atomic 
number, iodinated contrast agents produce adequate contrast of tissues in the body, increasing image quality. 
Iohexol is one contrast agent that is used in computerized tomography. Another major type of contrast agent 
used in medical imaging is barium-based contrast agents. Typically, these agents are used for images of the lining 
of the gastrointestinal tract but can be dangerous if there are perforations in the bowel. Barium-based agents are 
administered rectally or orally, as opposed to intravenously like iodine-based contrast agents (Noah Chemicals, 
2024). 

Additionally, this study primarily focuses on the mechanism of action and chemical stability of iodine-based 
contrast agents. Each type of contrast agent has its own chemical composition that makes it more efficient for 
different medical imaging types. Knowing the chemical stability of different agents helps determine which 
agents to use for each test and explains why they are used for images in different body regions. Iodinated contrast 
media are either high or low osmolality, which refers to the rate at which water diffuses. High osmolality 
contrasts are specifically dangerous near the respiratory system due to a high risk of pulmonary edema 
(Zeligman, 2010). Side effects like this are crucial for healthcare providers to be aware of to prevent patients from 
being harmed or dying. These contrasts are safe for medical imaging that does not require administration by 
swallowing or through a tube (Zeligman, 2010). 

Iodinated contrast media are also commonly used in the field of radiology due to the excellent medical images 
that can be produced by iodine’s ability to absorb X-rays and make internal bodily structures visible (Yang et al., 
2018). Iodine’s high atomic number allows photons to be absorbed, and structures like blood vessels appear 
bright white on the images. Researchers are constantly working to find ways to adapt contrast agents to create 
the highest visibility in medical images to better diagnose diseased areas of the body. Many Magnetic Resonance 
Images (MRIs) use contrast agents to aid in this process. MRIs are used as a diagnostic tool to reveal 
inflammation, tumors, and tissue abnormalities (Lv et al., 2023). It is important for contrast agents used for 
MRIs to have the ability to polarize water molecules and yield a high-contrast, high-quality image that can be 
used to diagnose diseases. Due to the composition of the human brain, different contrast agents may be needed, 
as contrast is lower in the brain than in other areas of the body (Lv et al., 2023). Body parts and mechanisms of 
action should be considered when determining which contrast agents to use for different diagnostic 
radiographic procedures. 

Methods & Materials 

The first procedure completed was a smartphone colorimetry experiment. The Redox of Iodine Using Apple 
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Juice and Smartphone Colorimetry lab was created and produced to showcase the change iodinated compounds 
encounter over time when a Vitamin C source is added. The purpose of this study is to gain a better 
understanding of the core chemistry behind contrast agents. Materials needed included 0.05M iodine, starch 
solution, apple juice, water, small beakers, pipettes, white paper, and an iPhone camera. To prepare the starch 
indicator, 1 teaspoon of cornstarch was mixed with 20 mL of warm water in a small beaker and stirred until 
cloudy. The iodine-starch complex was then created by adding 5 mL of iodine and 3 mL of starch solution. This 
mixture was stirred until it became a deep blue hue. Next, 3 mL of apple juice was added as the reducing agent. 
The solution was swirled and observed. The cup was placed onto a white sheet of paper as the background, and 
smartphone colorimetry measurements were taken every two minutes using a color-analyzer app. Each time a 
new picture was taken, the RGB values were recorded. Iodine is a stable element, but it can exist in various 
forms. When Vitamin C is added, iodine is reduced to iodide. Fortunately, Vitamin C levels in the body are not 
high enough to reduce iodine in iodine-based contrast agents on their own, so there is not an effect on imaging 
quality based on normal values. Vitamin C has been tested and is believed to be a radioprotector. Studies 
conducted on mice introduced ascorbic acid to the organism, where it acted as a radioprotector (Narra et al., 
1993). While there is still ample research to be done, this could be a monumental finding in medicine if Vitamin 
C can be used to protect humans from radiation in the future. 

A second experiment completed during this study was Partitioning Water vs. Oil to determine how hydrophilic 
iodine is. Iodine-based contrast agents are designed to be hydrophilic to allow for safe dissolution into the 
bloodstream and removal via the kidneys. Iodinated contrast agents are commonly composed of tri-iodinated 
benzene rings (Murphy et al., 2026). This structure allows the contrast agents to be highly water-soluble and safe 
for administration in diagnostic radiographic imaging. The protocol demonstrates solubility and lipophilicity, 
explaining why many contrast agents are formulated as water-soluble. Materials used included iodine solution, 
corn oil, test tubes, pipettes, starch solution, and smartphone colorimetry. One vial was labeled Before and one 
was labeled After. In the Before vial, distilled water and iodine solution were combined, and a baseline 
photograph was taken. In the After vial, distilled water, iodine solution, and vegetable oil were combined, then 
shaken to allow partitioning. After sitting for 10 minutes, the layers separated. A sample from the aqueous layer 
was removed and analyzed using the same colorimetry method. This procedure demonstrated lipophilicity, 
hydrophilic properties, and osmolality of iodinated contrast agents. Some common contrast agents used for CT 
scans, categorized as low osmolality and highly water-soluble, include iohexol, iopamidol, iopromide, ioversol, 
and ioxilan (Murphy et al., 2026). 

Results & Discussion 

In the first experiment, the solution was observed over several minutes, and the RGB values provided by the 
smartphone colorimetry app were recorded. Values of importance in this lab were the Blue values. Iodine was 
converted to iodide in this reaction, which does not bind to starch and led to the color fading. As minutes 
passed, the blue concentration became lower, which was expected with Vitamin C added into the iodine-starch 
solution (Figure 1). The blue value fell from 211.0 to 182.9 to 102.0 to 98.3, 93.1, 86.8, 80.8, 54.9, 43.4 to 43.4. 
Over 18 minutes, the blue value fell by 167.6. This color change is not visible to the human eye, which is why the 
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smartphone colorimetry app is needed to detect numerical values. Vitamin C reduces iodine to iodide and 
dilutes it, which reduces the blue hue of the solution. As time passed, the iodine became more diluted and less 
concentrated. Although the addition of Vitamin C to iodine does not directly affect radiographic image quality, 
it does change the chemical stability of iodine. If anything alters the state of iodinated contrast agents, it could 
affect how they react in the body and how well they contrast bodily structures in medical images. The blue RGB 
value is measured since the yellowish/brown color of iodine absorbs light in the blue wavelength. Vitamin C can 
also lessen the negative effects of iodinated radiation. While iodinated contrast agents themselves do not expose 
people to radiation, imaging techniques such as X-rays do (Mustafa, 2024). Understanding iodine chemistry is 
important, as it can be reduced with Vitamin C to help prevent radiation damage. Healthcare professionals can 
use this knowledge to help patients and potentially reverse radiation exposure if needed. 

Figure 1 

Blue Value Changes Over Time 

   

Note. Shown at initial stage, 8 minutes, and 16 minutes. 

Results of the second portion of the physical lab component are shown below. These results demonstrate that 
most iodine remained in the aqueous phase, relating to radiographic contrast agents that are designed to be 
hydrophilic and remain in the blood. Iodine is water-soluble and dissolves into the bloodstream, moving 
through it before being excreted by the kidneys. This property is a key component of iodinated contrast agents. 
Oil-based contrast agents, however, are used in radiology for high visibility and specialized imaging. Their 
chemical makeup differs from iodine-based agents. Being hydrophobic, they do not dissolve in water, which is 
the opposite behavior of iodinated contrast media. This lab demonstrates how oil-based contrast agents form 
layers when distributed among substances. Such layering accurately mimics how these agents behave in the body. 
Oil-based agents are commonly used to capture images of the fallopian tubes and uterus, as partitioning 
produces high visibility and allows them to remain in the system longer than other types of contrast agents 
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(Morita et al., 2025). They may also be injected into ducts to detect tumors and are often preferred because of 
their extended retention time. Additionally, their chemical structure contributes to high contrast and viscosity, 
leading to clearer images and aiding diagnosis. Some concerns exist with the use of oil-based contrast agents. In 
one study involving a pregnant patient who underwent an abdominal radiograph, complications were observed. 
Because these agents remain in the body longer, they may be identified as foreign objects (Morita et al., 2025). 
Although the complications in that case were not harmful, the response raises concern about how the body may 
react. 

Figure 2 

Results Showing Iodine Remained in the Aqueous Phase 

   

Note. Shown are the Before vial, After vial, and label removed. 

Conclusion 

In the Vitamin C colorimetry experiment, iodine and starch created the blue complex, and apple juice contained 
ascorbic acid, the reducing agent in the reaction. Iodine converts to iodide, which does not bind to starch, 
causing the color to fade. The solution began dark blue and progressively faded. Similar to observations in this 
lab, radiographic contrast agents contain iodine and change chemically in predictable time courses. Using iodine 
in a controlled environment allowed for the mimicking of processes of radiographic contrast agents. The 
corn-oil diffusion lab models how radiographic contrast agents behave in the body. It demonstrated how a 
hydrophobic, fat-soluble substance navigates an aqueous environment. Corn oil is hydrophobic and separates 
rather than dissolving in water. A similar reaction occurs in oil-based contrast agents. Immiscible liquids divide 
into layers, which is also what happens to contrast agents that remain in different tissues. 

The Vitamin C smartphone colorimetry lab measured the concentration of Vitamin C and yielded a redox 
reaction. A smartphone colorimetry iPhone application was used to gain qualitative and numerical data for 
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analysis. This tool was very useful in determining if color had faded, as chemical changes are not always apparent 
to the naked eye. RGB values provide ample information and allow observation of the rate of fading. The 
reaction was completed to mimic measuring contrast dosage and absorption. The corn oil diffusion lab 
measured solubility and physical distribution, showing the difference between hydrophilic and hydrophobic 
reactions. Results can be observed visually through the separation of oil from the aqueous solution. Layering 
observed in this lab is comparable to layering that occurs in radiographic contrast agents within human tissues. 

Research on radiographic contrast agents, along with laboratory procedures, was carried out throughout the 
semester with the goal of understanding chemical structure and how components influence function. It is 
important to note margins of error when conducting laboratory work and drawing conclusions. During earlier 
stages of the semester, the same experiments were performed, but results were not as expected. Encountering 
obstacles and making mistakes is common while learning, and documenting factors that may influence results is 
essential. In the first trials, user error occurred while working with the smartphone colorimetry app. Data 
presented in this report reflects results from the final experiments. 
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Abstract 

This commentary explores how the modern beauty industry works at the intersection of psychology and 
business strategy. While beauty products are marketed based on their functional benefits, this article argues that 
emotional branding, and identity-based communication play a greater role in influencing consumer behavior. 
Exposing qualitative insights from interviews with a psychology expert, and a business professional, this article 
highlights how beauty marketing connects products with consumers’ self-perception, aspirations, and social 
identities. From a psychological point of view, beauty standards are directly linked to self-esteem, cultural 
expectations, and all the ways individuals evaluate their own worth. From a business perspective, companies 
strategically segment their audiences by age and lifestyle, using storytelling and branding to create loyalty among 
consumers. This article examines as well the role of social media in amplifying beauty ideals while also creating a 
space for movements such as body positivity. Ultimately, this commentary article argues that the success of 
beauty brands depends not merely on the product’s performance but also on their ability to build meaningful 
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narratives that resonate with consumers. 

 

Introduction 

In today’s saturated beauty industry, success is not merely determined by product efficacy. While formulas, 
pigments, and textures are important factors, the real differentiator for modern beauty brands lies in their ability 
to connect emotionally with their consumers. Beauty products have become more than tools for aesthetics 
because they now serve as vehicles for self-expression and social belonging (Amalia et al., 2023). The relationship 
between beauty and identity has been discussed in previous studies that highlight how beauty ideals influence 
society and consumer behavior (Smith, 2022a). This relationship  became even clearer through the interviews 
conducted for this research, where both a business professional and a psychologist expressed that beauty is rarely 
only about appearance. Instead, it reflects deeper motivations that are directly related to confidence, identity 
formation, and the firm desire to belong to a particular social group. 

From anti-aging creams that target mature consumers to TikTok advertisements about makeup trends for Gen 
Z, beauty marketing has evolved into an extremely complex interplay of emotional storytelling (Darmatama & 
Erdiansyah, 2021). Social media platforms have drastically changed the way beauty brands communicate with 
their consumers (Nugraha et al., 2024). More and more, advertising strategies rely heavily on celebrity or 
influencer representations (Herman et al., 2023). Interviews conducted with Susan Mathewson, Business 
Internship Coordinator at Barton College, and Ashley B. Gardner, Assistant Professor of Psychology at Barton 
College, also highlighted that the digital platforms have drastically increased the visibility of beauty standards at 
much younger ages (A. Gardner, S. Matthewson, personal communication, March 2026). This means that 
individuals are constantly exposed to altered images of appearance, and this constant exposure contributes 
enormously to shaping how consumers evaluate themselves as a person and the products they choose to 
purchase and use. 

This social shift brings in a new trend: consumers are  increasingly looking for products that promise them not 
only functional benefits, but also emotional resonance (Jie et al., 2025). Studies show that beauty advertising 
shapes how individuals perceive attractiveness and identity (Muñoz-Muñoz & Martínez-Oña, 2024). Interviews 
with industry and psychology experts illustrate the dual forces that are shaping this phenomenon. Mathewson 
emphasized that beauty branding has to strategically align products with consumers’ self-image, aspirations, and 
life stages (S. Mathewson, personal communication, March 2026). She explained that beauty marketing is 
unique because it is extremely age-specific, meaning that companies have to design completely different strategies 
depending on whether they are targeting teenagers, young adults, or older consumers. Gardner highlighted that 
on the other hand, the profound psychological influence that beauty has on self-esteem, identity, and overall 
decision-making on people. She also explained that from an evolutionary perspective, humans may associate 
beauty with health, while from a more sociocultural perspective, beauty standards are shaped by gender 
expectations, culture, and the specific social context is targeted. By combining both of these perspectives, there is 
a deeper understanding that selling beauty is as much about emotional connections as it is about promoting 

Barton Journal, vol. 1, no. 1, Spring 2026 143 
https://bartonjournal.org/ 



physical products (Smith, 2022a). 

Argument-Perspective 

The importance of emotional branding in the beauty industry can be explained by both business practices and 
psychological dynamics. From a commercial point of view, beauty products are designed to resonate with 
specific demographics based on age targeted marketing (Jie et al., 2025). Mathewson explained that brands such 
as Laura Geller and Jones Road are targeting mature consumers by presenting relatable spokespersons, who 
represent the product’s promise. She stated “enhancing natural beauty at one’s current stage of life.” She 
emphasized that one of the reasons branding becomes so important is because consumers often look for people 
who resemble their own age when deciding which product to trust (S. Mathewson, personal communication, 
March 2026). Older consumers may trust more founders or public figures that are around their life stage. 
Conversely, younger audiences are more likely to purchase a beauty product if they are influenced by 
aspirational figures, such as celebrities or social media influencers  (Somadi et al., 2022). The goal of beauty 
brands is to stay consistent across demographics because the consumer is invited to buy into a narrative, not just 
a moisturizer or a lip liner (Smith, 2022b). Mathewson also said that the beauty industry differs from many 
others because of the wide variety of points of sale, ranging from drugstores and department stores to online 
platforms and home shopping networks. She stated that each environment requires different communication 
strategies and branding approaches. 

The psychological point of view reinforces the business perspective. Gardner highlighted that societal emphasis 
on appearance, particularly for women, links beauty to self-worth (Amalia et al., 2023). Products, therefore, are 
not simple commodities anymore, they are instruments through which consumers negotiate their own personal 
identity (Lazar, 2011). During the interview, Gardner explained that from a very early age many women are 
socialized to associate their value to their appearance, while men are often encouraged to connect their value 
with financial success. This difference is a clear example that demonstrates how deeply beauty expectations are 
associated with social and cultural norms. Emotional marketing evokes desire, fear, or aspiration. For example, 
anti-aging campaigns exploit the universal fear of growing up, while promising restored confidence among 
women. Gardner noted that fear-based emotions, such as the fear of aging, can be powerful motivators in 
purchasing decisions because emotional reactions often influence choices more strongly than rational thinking. 
Social media amplifies this effect by providing a constant visual that matches attractiveness with success (Tarba et 
al., 2025). However, she also said that social media has allowed for movements such as body positivity, creating a 
contradictory environment to societal beauty standards. 

Emotional branding relies heavily on narrative coherence. Consumers are more likely to buy products that align 
with their personal story or desired self-image (Solomon et al., 1992). Mathewson’s recounting of Cindy 
Crawford’s Meaningful Beauty campaign illustrates that despite a product failing to deliver on its miraculous 
promises, the narrative and whoever is representing the image are the ones who create enduring brand loyalty 
(Somadi et al., 2022). During the course of the interview, Mathewson shared a personal experience of 
purchasing a product after being convinced by the story behind it, demonstrating that persuasive branding 
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narratives can be extremely powerful (S. Mathewson, personal communication, March 2026). In a similar way, 
campaigns that promote inclusivity and body positivity can generate trust by simply demonstrating that their 
emotional branding does not need to exploit insecurities in order to be effective (de Lenne et al., 2021). 

However, ethical implications of beauty marketing should not be overlooked. Gardner stated that companies 
should avoid strategies that manipulate consumers’ fears or promote unrealistic promises that will not happen. 
Gardner also stated businesses have the responsibility to communicate honestly and ethically, especially when 
their products directly affect women’s self-image and confidence. The psychological factors that make emotional 
branding persuasive can also be misused by shaping negative self-image or encouraging impossible beauty ideals. 
For this reason, brands need to start communicating responsibly by combining messaging with honest 
representations to preserve consumer trust and support in their overall well-being (Prabhakar, 2025). 

Conclusion 

The modern beauty industry shows how psychology and business work together. Emotional branding helps 
companies connect with their consumers, and influence how people see themselves (Amalia et al., 2023). Beauty 
products are no longer just about how they make a consumer look, but about symbols connected to identity, 
confidence, and personal expression. Companies design their strategies to match consumers’ goals, age groups, 
and social influences, while psychology helps explain why these strategies are so important and effective. 
Interviews conducted with Mathewson and Gardner highlighted an important idea: selling beauty is about 
selling a feeling of confidence, identity, and belonging. Both experts demonstrated that understanding consumer 
emotions and social influences can lead to an understanding of why beauty marketing is so powerful in modern 
society. 

Emotional branding also highlights the ethical responsibilities brands face. Companies should protect 
consumers from being manipulated through their vulnerable points (Hidayat et al., 2023). Branding exists to 
inspire people through dreams, yet it must also be trustworthy. As highlighted in both interviews, companies can 
still promote their products effectively without the need of exaggerating unrealistic outcomes, or transforming 
insecurities into weapons. Future research needs to combine effective storytelling methods together with honest 
communication techniques (Herman et al., 2023). Beauty brands can establish better consumer relationships 
through understanding business and psychology, which can help maintain customer loyalty across extended 
periods. Beauty industry success requires both exceptional products, and the creation of positive emotional 
customer experiences (Tarba et al., 2025). 
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Note 

Since 2012, Day of Scholarship and Engagement (DOSE), formerly known as Barton College Scholars 
Symposium, was established as a celebration of students and faculty research conducted at the college. From its 
inception, students and faculty have been given the option to present academic conference-style lectures or 
posters about their research. In 2012, it was not required to submit abstracts pertaining to research projects, but 
all potential presenters submitted an application for review. The application process was then used primarily for 
students competing for grant funding to support their research project. These grants were themselves provided 
by a grant awarded to college to establish DOSE as an annual event. Later, when the external funding was 
exhausted, the college shifted away from the application model, opting to require students to submit abstracts 
that summarized their research projects. In 2025, for the first time, abstracts about the student and faculty 
research projects were published in the DOSE program. This action paved the way for the college to found and 
launch the Barton Journal. 

In fall 2025, the Barton College administration, under the leadership of President Dr. Douglas N. Searcy 
decided to create an academic journal to publish student-led research, thereby creating an outward facing 
representation of research at Barton College. Development of the journal included meticulous research on 
undergraduate journals from across the United States (and some other countries), in order to evaluate best 
practices—research that was conducted by two students, Emma Davis and Berkley Ann Hicks, under the 
direction of Dr. Gerard C. Lange, director of the Center for Undergraduate Research and Scholarship. In total, 
30 journals were examined to model, shape, and learn from the production process in order to form the basis of 
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Barton Journal. This research culminated in a white paper and proof of concept issue presented to the college at 
the end of the term. Ms. Davis and Ms. Hicks were then selected as junior editors to work under Michael K. 
Brantley, Barton College associate professor and Elizabeth H. Jordan Chair of Southern Literature, who was 
chosen to be the senior editor. Through the development of the Barton Journal, the solicitation of submissions, 
along with editing, publication, and stylistic guidelines have been established. At present, a Digital Object 
Identifier (DOI) and a Library of Congress number (LCN) are all in the process of being completed for this 
journal, and an International Standard Serial Number (ISSN) has been assigned. 

In volume 1, no. 1, of the Barton Journal, there are 11 core articles including the lead article by Dr. Taylor 
Medlock-Lanier, Barton College class of 2020, and keynote speaker for the 2026 DOSE, four full-length articles, 
three short articles, one case study, one critical essay, and one commentary. Following this note about the 
journal, there are 40 abstracts, each included in the 2026 DOSE as lecture or poster presentations. In total, there 
are 51 presentations of various types included in the 2026 DOSE, that include the aforementioned article types.  
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Abstract 

Caffeine is one of the most widely consumed psychoactive substances, and is commonly used for its stimulating 
effects on the central nervous system. By blocking adenosine receptors, caffeine increases alertness, reduces 
perceived effort, and may enhance exercise performance. While its effects on aerobic exercise are well-established, 
less is known about caffeine’s impact on resistance training in the cardiovascular response. The purpose of this 
study was to examine the effects of caffeine on heart rate, blood pressure, and rating of perceived exertion during 
full-body circuit-style resistance training. College students ages 18 to 25 participated in two exercise conditions 
(caffeine and placebo) in a single-blind, randomized crossover design. Heart rate (HR), systolic blood pressure 
(SBP), diastolic blood pressure (DBP), and rating of perceived exertion (RPE) were measured at baseline, 
mid-exercise, and post-exercise. Data were analyzed using repeated measures ANOVA, and alpha was set at 0.05. 
Heart rate increased significantly over time (p < .001), rising from baseline to mid-exercise and remaining 
elevated post-exercise, with no significant effect of condition (p = .09). Systolic blood pressure showed 
significant effects of both condition (p = .034) and time (p < .001), increasing from baseline to mid-exercise and 
remaining elevated post-exercise. Rating of perceived exertion also showed effects of both condition and time (p 
< .05), increasing throughout exercise and differing between caffeine and placebo conditions. No significant 
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differences were observed for diastolic blood pressure (p > .05). Overall, caffeine increased systolic blood pressure 
and reduced perceived exertion during exercise, but did not significantly affect heart rate or diastolic blood 
pressure. These findings suggest caffeine alters both cardiovascular and perceptual responses to full-body 
circuit-style resistance training.   

Keywords: caffeine, college students, blood pressure 
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Abstract 

Taking a gap year can improve students’ academic performance, likely because those students adopt a growth 
mindset (Blackburn et al, 2005). I hypothesized that participants who took a gap year (before entering either 
undergraduate or graduate school) are more prepared and have better academic performance than students who 
did not take a gap year. Participants (N = 46) were current and former college students who answered a 
questionnaire on their gap year status, self-assessments (i.e., how they feel), and an evaluation (i.e., their 
behavior/actions) of their academic preparedness and performance. Independent t-tests showed that results did 
not match my hypothesis, as there was no significant difference in perceived performance for those taking a gap 
year (M = 3.41, SD = 1.08) or not (M = 3.88, SD = 0.64), t(44) = 1.29, p = 0.20. There were also no significant 
differences in their perceived preparedness for college, t(44) = 1.38, p = 0.17. However, students who felt more 
prepared for college had a higher average performance evaluation (M = 4.01, SD = 0.77) than students who felt 
less prepared for college (M = 3.13, SD = 0.63), t(44) = 2.88, p < 0.01. Additionally, there was a significant 
positive correlation between the preparedness and performance evaluations for all participants (r(44) = 0.86, p < 
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.0001), but this relationship was stronger for participants who took a gap year (r(3) = 0.95, p = 0.05) than those 
who did not (r(41) = 0.83, p < .0001). 

Keywords: gap year, academic performance 
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Abstract 

High-speed movement is a critical physical component of field sports because these sports require dynamic 
movements performed at high velocity. Among lacrosse players, these high-speed movements are distinguishing 
factors between starters and non-starters. The reactive strength index (RSI & RSImod) can be used to quantify 
the stretch-shortening cycle, which is a mechanism that allows for the rapid muscular contractions required to 
sprint and change direction at a high velocity. This research aimed to recruit 30 NCAA lacrosse players from the 
Barton Men’s Lacrosse team to participate in two data collection sessions. High-speed movement will be 
measured using the Change of Direction and Acceleration test (CODAT). Brower timing gates will be used to 
record the time taken to complete each run. Athletes will be given two acclimatization trials, and following three 
maximal efforts, their fastest time will be used in data analysis. RSI and RSImod will be measured using PASCO 
force platform data from both bilateral and unilateral drop jumps and countermovement jumps. RSI and  
RSImod will be calculated by dividing the values of jump height by contact time or movement time. The best 
RSI and RSImod scores will be used in a two-tailed Pearson bivariate correlation to assess the strength of their 
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relationship with CODAT times. Unilateral RSI/RSImod values from dominant and non-dominant limbs will 
be used to calculate the symmetry index (SI) of each athlete. The SI will then be compared to the athletes 
CODAT time to evaluate the relationship. Existing literature would suggest this research will find a moderate to 
strong negative correlation between high-speed movements and both measures for reactive strength. It is also 
expected that the athletes with lower SI values will perform better during high-speed movement trials.  

Keywords: lacrosse, reactive strength index, change of direction and acceleration test 
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Abstract 

HIV-1 Envelope glycoprotein (Env) undergoes a sequence of structural transitions, from a closed conformation 
to an open structure, initiates host-cell infection, and alters exposure of antibody epitopes. Closed-to-open 
transition proceeds through both short-lived disordered and more stable open-occluded intermediates, exposing 
distinct antibody binding surfaces. Designing effective HIV-1 vaccines requires a deeper understanding of how 
Env opening changes antibody engagement. DH270 is a broadly neutralizing antibody with neutralization 
capacity against a range of HIV-1 strains, and stabilizes closed Env structure. Env structural changes on 
microsecond timescales, induced by DH270 binding, were first captured at high temporal resolution using 
time-resolved, temperature-jump small-angle X-ray scattering (TR, T-Jump SAXS). Interpretation of these 
low-resolution data are challenging due to substantial conformational heterogeneity involved in binding 
processes. To enable high-confidence structural interpretation of TR, T-Jump SAXS signals, a novel integrative 
approach combining Markov state models, homology modeling, and a Bayesian inference framework to fit 
theoretical structures to experimental data was developed. Structural models for each known Env conformation, 
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closed, disordered, open-occluded, and open, each in one of several possible DH270-bound states were 
generated. This yielded 9,600 unique DH270-bound Env models. Comparison of theoretical SAXS profiles 
from these models, along with experimental data indicates open-occluded intermediate and partially 
DH270-bound closed Env states contribute substantially to DH270-induced Env motions. Inclusion of these 
partially bound encounter complexes significantly improves model fits. Disordered intermediate and fully open 
Env conformations appear to play no role in DH270-induced structural response, consistent with prior evidence 
that DH270 stabilizes closed Env conformation. Improvements to the fit remain needed and suggests additional, 
as-yet-unidentified Env conformational states may be required to fully capture experimental TR, T-Jump SAXS 
signals. These results can be leveraged to engineer antibody affinity and neutralization potency in potential 
vaccine immunogen candidates. Newly characterized structural transitions provide a foundation for future 
structure-guided HIV-1 vaccine design. 

Keywords: HIV-1, SAXS, time-resolved, structural biology, modeling, protein dynamics, immunogen design, 
vaccine, broadly neutralizing antibodies 
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Abstract 

Brain Bites is designed for student athletes at Barton College to help improve dining options, operating hours, 
and overall dining experience. Access to nutrition is crucial for students’ physical wellness and academic success. 
However, the limited variety and restricted operating hours create a barrier for some students. The purpose of 
this agency is to bring awareness to the issue by gathering information on how students feel about the current 
dining options, their dietary habits, and areas they feel need improvement. Through a campus-wide survey, 
Brain Bites will collect data to identify the best solution for on-campus dining. The findings will be presented to 
students and staff on the Day of Scholarship and at the Wellness Fair. Funding is requested to help support the 
research and presentation of our proposal. Brain Bites aims to promote students’ physical wellness and support 
students reaching their full potential. 
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Abstract 

Campus safety is the most important issue on college campuses for students who live on campus and those who 
work at the college. Since Barton College is located in the middle of a neighborhood, concerns about 
unauthorized people entering the campus have grown. Previously, buildings like the Hackney Library always 
had their doors accessible, but that has changed. Team Safety, a student-developed organization, has applied the 
Eight Dimensions of Wellness Framework to help with student and worker safety concerns on this college 
campus. Team Safety is composed of three students who have lived on campus or currently do, and there are 
plans to make safety kits available for staff and students. These kits will be at the college’s Health and Wellness 
Fair held annually during the Spring semester. The objective of the safety kits is to increase the overall safety on 
campus, thus improving the physical and emotional wellness of the community. The total funding requested for 
creating these safety kits is estimated to be $461. 
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Abstract 

Senior SAFE Net is a student-created organization, composed of three seniors from Barton College. Many 
colleges tend to have a lack of resources or funding specifically for senior students transitioning out of the college 
community, and  more resources and workshops for freshmen transitioning from high school into college. The 
goal of Senior SAFE Net’s proposed project is to bring awareness to the lack of resources for seniors, and be a 
gateway into inspiring more future- specialized classes or resources to help seniors transition into the 
professional  world. Our team will provide mid-semester care kits that consist of various tools such as. resource 
cards with information about business offices, a link to Pathway U assessments, and a link to BetterHelp or 
other free online  therapy sites. Affirmation/motivational cards will be provided to show care and 
understanding, and to motivate students to keep being resilient throughout the semester or year. Stress balls will 
be a tool that will provide temporary, recreational relief from active stressors.  Stickers and candy will also be 
provided as not only a small reward for students getting through the semester, but as an incentive for the 
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students to use the kit. The total funding has been calculated to be at least $200  for 50–60 kits. Assessments will 
occur to evaluate the success of the initiative. 

Keywords: education, students, affirmation 
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Abstract 

Cold water immersion (CWI) is used by athletes to improve recovery following intensive exercise. CWI is 
believed to reduce fatigue and help maintain performance, but its effectiveness compared to passive rest is still 
not fully understood. Performance measures such as jump height, strength, and muscular endurance are often 
used to assess recovery in athletes. The purpose of this study is to compare the effects of CWI and passive rest on 
performance following a fatiguing exercise protocol. In this study, 12 collegiate athletes were recruited to 
participate. Participants completed a lower body exercise protocol designed to induce fatigue. Following the 
exercises, jump height, strength, muscular endurance, and perceived recovery were measured. Participants were 
then  placed into one of two conditions: CWI or passive rest. The CWI condition involved sitting in water up to 
their hips at 10-12 degrees Celsius, while the passive rest condition involves seated rest with no recovery 
intervention. Performance metrics were measured again after 6 hours of recovery and results were  analyzed to 
compare differences between the two conditions. Based on previous research, participants in the CWI condition 
were expected to show a smaller decrease in performance compared to those in the passive rest condition. Jump 
height,  strength,  and  muscular  endurance  were  expected to decline less  following  CWI, indicating  
improved  
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recovery. It was expected that CWI will be found as a more effective recovery strategy than passive resting. 

Keywords: cold water immersion, student-athlete, injury, recovery 
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Abstract 

Name, Image, and Likeness (NIL) policies have significantly altered the landscape of collegiate athletics, 
especially at the Division II level, yet they are under-researched. This study aims to investigate the impact of NIL 
opportunities and marketing at  Division II football programs, with a particular focus on a supposed correlation 
between increased spending on marketing and NIL. Data was collected with a structured survey distributed to 
Division II programs across multiple institutions, including Barton and peer colleges. The survey was designed 
to gather statistics on the NIL and marketing funding and the amount of staff and resources provided, and then 
compared that to the success of the football program at that institution. It was hypothesized that with an 
increase in spending and resources in these areas, there would be an increase in the success and prestige of the 
institution’s football team. The anticipated findings of this study are expected to contribute to a deeper 
understanding of how NIL and marketing affect Division II football programs, and how they should be 
managed and used by Barton College to improve its own program. 
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Abstract 

Linear sprinting is essential for athletic performance, especially in sports that require rapid acceleration and 
top-end speed. Force production is a known contributor to sprinting ability; however, the specific roles of 
horizontal and vertical force across sprint phases are not fully understood. This study aimed to examine the 
relationship between linear sprint speed and force production in college baseball players, hypothesized that 
horizontal force would better predict acceleration, and vertical force would better predict maximal velocity. 
Thirty male collegiate baseball players (ages 18–24) participated in this correlational study. Acceleration was 
measured using a 10-yard dash, while maximal velocity was assessed with a 10-yard fly sprint, following a 20-yard 
build-in. Horizontal force production was evaluated using countermovement and pause broad jumps. Vertical 
force production was measured using countermovement and pause vertical jumps. The stretch-shortening cycle 
(SSC) was assessed by comparing countermovement and pause conditions. Sprint times were recorded with 
Brower timing gates, and jump performance was measured using jump mats. Pearson correlations were used to 
examine relationships between sprint and jump variables, and paired t-tests compared jump conditions. 
Statistical significance was set at α = .05. Strong, significant negative correlations were found between 10-yard 
sprint times and all jump measures, indicating that greater force production corresponded with faster 
acceleration. Correlations ranged from r = -0.66 to r = -0.72 (p < .001). The 10-yard fly sprint also showed 
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moderate-to-strong negative correlations with all jump variables (r = -0.55 to -0.61, p ≤ .002), suggesting that 
both horizontal and vertical force production contribute to maximal velocity. A moderate positive relationship 
was observed between eccentric utilization ratio (EUR) in the broad jump and maximal velocity (r = 0.48, p = 
.007). Additionally, countermovement jumps produced significantly greater distances and heights than pause 
jumps in both horizontal and vertical conditions (p < .001), demonstrating the benefit of SSC utilization. Force 
production was found to be strongly associated with both acceleration and maximal sprint speed. While 
horizontal force plays a key role in acceleration, vertical force also contributes meaningfully across sprint phases. 
The SSC enhances force output and should be incorporated into training. Overall, a combination of horizontal, 
vertical, and SSC-focused training methods is recommended to optimize sprint performance. 

Keywords: athletic performance, force production, vertical force 
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Abstract 

This project observes how customer experience has become one of the most important factors in the modern car 
industry, especially in luxury dealerships. Today, selling a car is not just about the product itself– it is also about 
how the customer feels throughout the entire process. To better understand this, I used my internship at Bilia 
Insignia as a hands-on case study, combined with an interview with a manager and feedback from customer 
reviews. During my internship, I observed and participated in a variety of tasks, including preparing cars for 
delivery, assisting customers in the showroom, answering calls, and helping with internal logistics. These 
experiences gave me insight into how service quality, the dealership environment, leadership, and the use of 
digital tools work together to foster a positive experience for customers. The study shows that even small details, 
like how welcoming the staff are or how organized the showroom is, can make a big difference in customer 
satisfaction and loyalty. By combining personal experience with research and customer feedback, this project 
highlights the importance of creating a memorable, high-quality customer experience in a luxury setting. It also 
shows how practical skills and good communication are essential for professional growth in the automotive 
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industry. Overall, this project emphasizes that in today’s competitive market, a strong focus on customer 
experience can be just as important as the product itself in building trust, loyalty, and long-term success. 

Keywords: leadership, automotive dealerships 
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Abstract 

Ambien is a medication used to treat insomnia. This drug is considered a sedative hypnotic which affects the 
brain’s neurotransmitters, creating sleep-inducing effects, and some side effects can include memory issues, 
sleepwalking, dizziness, and even addiction.  Insomnia is a condition that affects sleep, causing people to stay up 
at night or have difficulty falling asleep. Kava is a natural substance, obtained from the Piper methysticum plant 
roots, specifically found in parts of the Pacific Islands. Unlike Ambien, Kava is a common supplement used 
every day for some common side effects like relaxation, reduced anxiety, and sedation effects. This study will 
explore the pharmacological effect and interactions with Ambien (Zolpidem) and Kava (Dihydrokavain) by 
combining elements of each to make a single molecule. Both molecules target the gamma-aminobutyric acid 
type A (GABA-A) receptors, which create sedation effects and help regulate regular sleep. This research aims to 
explore how the combination of Ambien and Kava can affect pharmacological activity, binding affinity, and even 
lipophilicity. By using a molecular modeling program, feasibility of this new hybrid compound can be examined. 
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Expected outcomes include increased sedation effects, increased potency, and even increased duration. This 
study will help to gain a deeper understanding of drug design, associated with combining two already useful 
drugs. 

Keywords: Ambien, Zolpidem, Kava, Dihydrokavain, insomnia 
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Abstract  

This research presentation explores the persistent struggle between dictatorship and democracy through grand 
strategy and civil resistance, focusing on the parallel histories and current events of the Philippines and the 
United States. At the heart of this investigation is Gene Sharp’s uncompromising argument in From 
Dictatorship to Democracy, when fundamental rights are denied, resistance, rather than negotiation, is the only 
viable path to transformation. Sharp’s framework, applied across international conflicts, demonstrates that 
nonviolent action can dismantle authoritarian regimes where dialogue would only deepen them. Maria Ressa’s 
How to Stand Up to A Dictator brings these ideas into the present, sharing her fight for press freedom and 
democratic accountability under authoritarian pressure in the  Philippines. Her story illustrates the personal 
risks and necessity of civil resistance in the digital age. Spoma Jovanovic’s Democracy, Dialogue, and Community 
highlights the power of dialogue and grassroots activism in sustaining democracy, particularly through the story 
of the Greensboro  Massacre in North Carolina. Placing these perspectives in conversation, the research 
presentation will reveal both the unyielding necessity of resistance in the face of dictatorship and the ongoing 
work required to maintain democracy, even in societies where it is presumed secure. The continued existence of 
democracy, whether in the Philippines or the United States, depends on a willingness to stand firm when 
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compromise is no longer possible, and on careful, consistent efforts to uphold democratic principles. Ultimately, 
it is ordinary people and communities who are courageous, persistent, and hopeful who determine whether 
democracy endures. 

Keywords: dictatorship, democracy, community, Philippines, United States 
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Abstract 

The financial structure of professional and collegiate athletics has undergone a significant transformation during 
the digital era. Historically dependent on league contracts and traditional endorsement agreements, athletes now 
operate within a decentralized digital marketplace shaped by social media engagement and Name, Image, and 
Likeness (NIL) policy reform. This paper argues that digital branding and NIL regulations have fundamentally 
redefined athlete revenue models by enabling diversified income streams independent of team-controlled 
exposure. Using financial trend analysis and case-based examples of high-profile NIL athletes, this study 
evaluates how direct platform monetization, sponsored content, and brand partnerships contribute to both 
financial expansion and revenue diversification. The findings contribute to sports finance scholarship by 
demonstrating that digital visibility now functions as an independent economic asset within modern athlete 
compensation structures. As the digital sports economy continues to evolve, understanding how online 
engagement translates into financial opportunity becomes increasingly important for both athletes and sports 
organizations. 
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Abstract 

The misinformation effect is a cognitive bias where, after being exposed to misleading information, individuals 
recall an event inaccurately (Ayers & Reder, 1998). Despite the rise of fake news, it remains unclear what makes 
an individual more susceptible to misinformation. This study examined how personality traits and political 
affiliation influenced susceptibility to the misinformation effect in fake news. Using a between-subjects 
quasi-experimental design, participants were a) asked about their political affiliations; b) completed the Big 5 
Personality Assessment (Lang et al., 2011); and c) chose whether they believed 20 news article headlines were 
real or fake. Accuracy scores were calculated as the percentage of correct responses (i.e., higher scores indicated 
better ability to distinguish between real/fake headlines). Contrary to hypotheses, political affiliation was 
unrelated to susceptibility to misinformation, but personality traits were significant predictors of accuracy. 
Overall, accuracy was significantly positively correlated with conscientiousness [r(57) = 0.109, p < 0.0001], 
openness [r(57) = 0.314, p < 0.0001], and agreeableness [r(57) = 0.171, p < 0.0001], suggesting that participants 
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with higher levels of these traits were more accurate/less susceptible. However, accuracy was significantly 
negatively correlated with both neuroticism [r(57) = -0.295, p < 0.0001] and extraversion [r(57) = -0.103, p < 
0.0001], suggesting that participants with higher levels of these traits were less accurate/more susceptible. 
Although the negative correlation between accuracy and neuroticism was significant for all political affiliations, 
the relationship was strongest for Republicans, [r(20) = -0.401, p < 0.0001]. 
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Abstract 

The importance of optimizing sleep has increased significantly in recent years regarding athletic performance 
and recovery. However, many athletes struggle to achieve sufficient sleep quantity or quality. This narrative 
review examines the links among sleep duration, sleep quality, and targeted sleep interventions designed to 
enhance athletic performance and recovery. This review also investigates the effects of inadequate sleep on 
physiological and psychological performance, and analyzes how targeted sleep strategies may improve athletic 
outcomes. This narrative review relied on a range of peer-reviewed journal articles in sports medicine and 
exercise science. Selected sources addressed sleep-related interventions, effective sleep hygiene, or the influence of 
training and competition on athletes’ sleep. By incorporating systematic reviews, meta-analyses, and 
observational studies, this review thoroughly explores the effects of sleep habits on athletic performance, 
recovery, and athletes’ health. Findings from the research indicate that suboptimal sleep will negatively affect an 
athlete’s reaction time, cognitive abilities, mood, and performance, as well as an athlete’s ability to recover from 
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injury or training. Conversely, interventions including extending sleep, practicing better sleep hygiene, and using 
strategic napping techniques have demonstrated improvement in both athletic performance and recovery. In 
addition to the above-mentioned interventions, other variables (training load, travel schedule, competition 
schedule) might have an impact on disrupting an athlete’s ability to get adequate amounts of sleep. Ultimately, 
this review supports the concept of sleep being an easily modified variable that can be utilized by coaches and 
athletes to maximize athletic performance and maintain a healthy lifestyle. 

Keywords: sleep, athletes, human performance, recovery 
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Abstract 

Major Depressive Disorder (MDD) is a multifaceted psychiatric condition linked to neurochemical 
discrepancies and biological elements such as persistent inflammation and diminished neuroplasticity (Miller & 
Raison, 2016). MDD is often managed with selective serotonin reuptake inhibitors (SSRIs) like fluoxetine; 
nonetheless, delayed effects and incomplete responses continue to be notable challenges for patients, and a 
considerable number of MDD patients do not attain complete remission (Rush et al., 2006). This research 
investigated curcumin, a natural substance derived from turmeric, as a supplementary treatment to enhance 
fluoxetine treatment results by utilizing complementary mechanisms. Curcumin shows anti-inflammatory and 
neuroprotective properties that could improve the effectiveness of antidepressants like SSRIs. The suggested 
approach entails merging curcumin with fluoxetine to enhance the effectiveness of antidepressants. Merging 
curcumin with fluoxetine might enhance treatment results by addressing both serotonin signaling and 
inflammation. Fluoxetine boosts serotonin levels by blocking the serotonin transporter, whereas curcumin 
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decreases inflammation and promotes neuroplasticity by elevating BDNF expression. This combination affects 
several biological pathways related to depression, and could enhance MDD treatment response when compared 
to SSRI therapy alone. 

Keywords: Major Depressive Disorder, selective serotonin reuptake inhibitors, neuroplasticity 
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Abstract 

Student-athletes’ acute and chronic stress affects their well-being and confidence before competition (Malone, 
2022). College athletes face various challenges, including managing school, athletics, and personal life, under 
internal and external pressure. However, it is unclear how specific demographics (e.g., academic year, gender, 
individual/team sport) play a part in the perception of acute/chronic stress and neuroticism. Participants (N = 
69) completed three different scales of chronic and acute stress (PSS, STAI, respectively) and personality traits 
(BIG5). It was hypothesized that higher neuroticism scores would positively correlate with higher acute and 
chronic stress scores, and that females/younger student-athletes would perceive both more acute and long-term 
stress, and have higher neurotic scores. It was also hypothesized that people participating in individual sports 
would express higher stress levels. There was a significant positive correlation with all three scales, rs(67) = 
0.40-0.67, p < .001. There was a significant gender difference, showing that women experience greater chronic 
stress, t(66) = -2.45, p < 0.05, acute stress, t(66) = -3.18, p < 0.01, and higher levels of neuroticism, t(66) = -3.50, 
p < 0.001. Freshmen experienced significantly more neuroticism than upperclassmen, F(2, 63) = 5.43, p < 0.05, 
R2 = 0.17. When controlling for gender and year, student-athletes participating in individual (versus team) 
sports have higher levels of acute stress, F(12,55) = 1.82, p < 0.05. R2 = 0.28. To conclude, freshman, female, 
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individual sport athletes experienced greater chronic/acute stress and have neurotic personality types. 
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Abstract 

Cardiac rehabilitation is a critical component of secondary prevention for cardiovascular disease, with exercise 
prescription playing the central role in improving patient outcomes. Moderate continuous training (MCT) is 
the standard approach; however, high-intensity interval training (HIIT) has emerged as a potential alternative to 
MCT. This narrative review aims to compare HIIT and MCT in cardiac rehabilitation, focusing on 
physiological effectiveness, clinical outcomes, safety considerations, adherence, and clinical decision-making. 
This narrative review synthesizes current literature examining HIIT and MCT within cardiac rehabilitation 
settings. Peer-reviewed studies were identified, with emphasis on adult cardiac populations; specifically 
individuals post-myocardial infarction, coronary artery bypass grafts, stents, and heart failure. Articles were 
selected based on relevance to key subtopics, including cardiovascular adaptations, functional outcomes, adverse 
events, and patient adherence. The findings were analyzed to identify consistent themes and differences between 
training modalities. Current evidence suggests that, while maintaining a safe environment when appropriately 
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prescribed and supervised, HIIT may obtain greater improvements in aerobic capacity and cardiovascular 
function compared to MCT Additionally, HIIT may enhance patient adherence due to its time efficiency and 
variability. However, considerations regarding patient risk stratification and program design remain crucial. 
Understanding the benefits and limitations of HIIT and MCT can help improve individualized exercise 
prescription and optimize outcomes in cardiac rehabilitation, particularly for younger or previously active 
patients.  

Keywords: HIIT, high-intensity interval training, MCT, moderate continuous training, rehabilitation 
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Abstract 

Tsai and Kaufman (2010) demonstrated that caring for virtual pets (i.e., consistent interactions between 
children and a virtual pet dog) led to greater empathetic/humane behavior. This study examined compassionate 
behavior in adult fans of virtual pets (V-Pets) by examining how differences in playing behavior may be 
connected to participants’ levels of compassion. A survey was sent out to online spaces dedicated to V-Pet 
hobbyists (e.g., websites and discussion forums), asking participants (N = 303) about their favorite parts of 
interacting with V-pets, followed by the 5-point Compassion Scale (2019). Findings show overall high total 
compassion scores (M = 4.09, SD = 0.47). Those who reported caretaking as a preferred way of play scored 
significantly lower on the common humanity subscale (M = 4.27, SD = 0.58) than those who did not (M = 4.41, 
SD = 0.54), F(1, 301) = 4.48, p < .05. Common humanity scores were also influenced by how they reported 
playing with V-Pets; those who used both sites and devices showed the lowest mean common humanity scores 
(M = 4.06, SD = 0.64), followed by just devices (M = 4.29, SD = 0.59), with V-Pet site players having the highest 
common humanity scores (M = 4.40, SD = 0.53), F(2, 300) = 4.76, p < .01. These findings suggest that higher 
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common humanity scores may impact how adults choose to interact with V-pets, and the preference of V-pet 
sites, which have more inherent human interaction, over devices, which can be operated individually and 
without additional social interaction. 
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Abstract 

There are never two students who come from the same family background, so students who arrive at university 
or college have different preconceived ways to approach social and academic success. This study examined the 
impact of familial circumstances, upbringing, and home life on students’ overall success on a college campus. 
After a literature review of contemporary researchers’ findings, academic success, social success, and familial 
impact were defined as key terms to understand how these factors fit together. To study familial impact on 
student success, a survey was conducted among students at a small, liberal arts school with a student population 
of about one thousand. The survey included questions about their home life, academic success, and social 
success on campus; using long-form answers, pertaining to qualitative results, and short-form answers, 
pertaining to quantitative results. Four groups of student data show that certain populations display a stronger 
or weaker effect on a student’s academic and social success due to familial impact. Qualitatively, data also show 
how students feel  about their  academic and social  success,  as well as how they feel about  their  home  life. Data  
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collected from this project will help higher education faculty and administrators better understand how best to 
help students succeed on a college campus. 

Keywords: familial impact, social success, academic success 
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Abstract 

This research focused on the foundation of organizational management and leadership and correlated it with 
college athletics. Throughout this research, the main question that was posed is how do leadership styles affect 
student-athlete well-being? Participants were 42 student athletes, both male and female, on various athletic 
teams. A modified version of Mefi and Asoba’s (2021) Leadership Styles and Employee Job Satisfaction Scale 
was used to assess coaches’ leadership style and how coaches made them feel personally, using a 5-point Likert 
scale. In general, the positive correlation of player satisfaction between head coaches and assistant coaches was 
significant, r(30) = 0.534, p < .002. Overall, participants were satisfied with their head coaches (M = 3.565, SD = 
0.478) and their assistant coaches (M = 3.53, SD = 0.326). The relationship of player satisfaction and leadership 
styles followed the same pattern for head and assistant coaches. Athletes were least satisfied with autocratic 
leadership styles, [r(30) = 0.05, p = 0.791 for assistant coaches, r(41) = -0.21, p = 0.183 for head coaches]. 
Athletes were most satisfied with transactional leadership styles, [r(30) = 0.82, p < 0.0001 for assistant coaches, 
r(41) = 0.822, p = 0.0001 for head coaches]. This data will be presented pertaining to each individual athletic 
team and their satisfaction, and implications will be discussed. 
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Abstract 

The lumbo-pelvic-hip complex is crucial for generating forces, as well as enhancing movement efficacy. 
Anatomical variations within the lumbo-pelvic-hip complex could potentially affect both an athlete’s ability to 
produce strength and perform movements efficiently. The purpose of this study was to examine the 
relationships between lumbo-pelvic-hip complex anthropometrics (leg length, femur length, and trunk length) 
and measures of strength and functional movement. It was hypothesized that these structural variables would 
significantly relate to both force production and movement quality. Thirteen athletes from various collegiate 
sports completed the assessments. Lower extremity anthropometry and athletic performance was assessed 
through two separate strength tests: the isometric mid-thigh pull (IMTP) and the isometric mid-shin pull 
(IMSP). Additionally, all participants completed the Functional Movement Screen (FMS). Leg length 
demonstrated significant positive correlations with IMTP max (r = .655, p = .015) and IMSP max (r = .683, p = 
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.010), and a significant negative correlation with FMS scores (r = −.727, p = .005). Femur length was 
significantly negatively correlated with FMS scores (r = −.589, p = .034), but showed no significant relationships 
with strength measures. Trunk length had a significant positive correlation with IMSP max (r = .589, p = .034) 
and a significant negative correlation with FMS scores (r = −.676, p = .011). A very strong positive correlation 
was found between IMTP max and IMSP max (r = .982, p < .001). Both IMTP max (r = −.701, p = .008) and 
IMSP max (r = −.776, p = .002) were significantly negatively correlated with FMS scores. In conclusion, this 
study provides evidence that anthropometric variations of the lumbopelvic-hip complex can affect both an 
athlete’s strength performance and their movement quality. While longer limbs are likely to result in greater 
force production due to increased mechanical advantage, they may compromise movement quality and increase 
susceptibility to injury. 

Keywords: lumbo-pelvic-hip complex, athletes, human performance 
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Abstract 

Athletes face struggles on and off the field when faced with injuries; they lose their self-identity, struggle with 
mental battles, and feel like they are missing out while being unable to participate. Despite athletes struggling 
post-surgery and throughout the rehabilitation process, there has yet to be research combining tests that mix 
both physical measurements and mental questionnaire measurements. Approximately 150,000 to 400,000 ACL 
injuries occur in the United States per year, with 70% of those cases being athletes; there are  roughly 74,000 
MCL injuries, and about 1 million individuals have meniscal tears. Athletes are known to be ready to return to 
sports as early as possible, but typically question their athletic ability due to a mental block. My research goal was 
to analyze whether there is a difference in athletic performance between the athletes’ non-surgical knee and 
surgical knee, as well as whether they are trusting and displaying confidence in their knee to make sport-specific 
movements. In addition, I was asked whether there was any correlation between higher athletic performance in 
the participant’s surgical leg versus non-surgical leg due to differences in rehabilitation training. My study was 
composed of two parts: a physical portion where the tests provide a quantitative measure, and a questionnaire 
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that provides more quantitative data on how much pain, inflammation, and trust the athlete has to complete the 
specified movements. I gathered my participants by asking teams at lifts if anybody had knee surgery and would 
be willing to participate in the study, and had close to a 1:1 ratio of female to male participants. The majority of 
the athletes who participated in the study ended up performing better on their surgical knee in the agility 
testing, due to the majority of their sports requiring more quick cutting movements rather than explosive 
upward movements. For example, an athlete who requires more of an upwards jump within their sport 
performed better at the single-leg explosive jump upwards on the jump mat. Expecting athletes to come back 
weaker and slower post major surgical operations was proven wrong throughout the results gathered, but the 
significant difference was the questionnaire portion, where athletes had very little trust and experienced more 
pain in their surgical knee daily. As I watched the athletes complete the physical testing, it was evident that the 
majority of the athletes were being cautious in their movements with their surgical leg, which can be a variable 
that impacts the data as a whole. Conclusively, I believe that healthcare as a whole has advanced significantly and 
assisted these athletes in returning to sports to their previous athletic capability. However, athletes and their 
mental state can advance an athlete past their physical ability because their mental block is not allowing them to 
completely go after their goal because of the constant fear of pain, injury, or the rehabilitation process all over 
again.  

Keywords: Injuries, rehabilitation, performance  
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Abstract 

Applying the Eight Dimensions of Wellness Framework, Mojo’s is a student-led initiative focused on improving 
mental well-being and reducing hygiene insecurity among students at Barton College. Many college students 
face financial stress and housing instability, which can limit their access to essential hygiene products and 
negatively impact their mental health, confidence, and academic performance (Nasr et al., 2024; Roy & Biswas, 
2025).  Mojo’s proposes the Mind and Care Kits Initiative, which aims to assemble and distribute up to 100 
hygiene kits containing toothbrushes, toothpaste, travel-size hygiene products, and handwritten encouragement 
notes to students experiencing financial hardship. These kits were distributed through accessible campus 
locations and partner offices in order to reduce stigma and increase reach. The goal of this project was to reduce 
hygiene insecurity, promote emotional well-being, and support students’ academic and personal success. 
Methods included bulk purchasing hygiene supplies, assembling kits, advertising via flyers and email, and 
hosting a campus distribution event. The total funding requested for this initiative was approximately $500. 
With support from campus partners and a clear evaluation plan, Mojo’s was committed to ensuring the kits were 
distributed effectively and positively impacted student well-being. 
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Abstract 

Lamotrigine is an anticonvulsant and mood stabilizer drug that was first put on the market in 1994 in the 
United States. Lamotrigine is primarily used to treat partial seizures, tonic-clonic seizures, bipolar I disorder, and 
Lennox-Gastaut syndrome. Other off-label uses include treating acute bipolar depression, fibromyalgia, 
schizophrenia, and unipolar depression as well. Lamotrigine’s mechanism of action is not fully defined, but 
likely targets and inhibits voltage-gated sodium channels found in neurons, suppressing the release of the 
excitatory amino acid glutamate. Toxicity in lamotrigine is associated with severe central nervous system 
depression, seizures, cardiac conduction delays, and wide complex tachycardia. This study will examine 
combining lamotrigine (lamictal) with allicin (diallythiosulfinate) and how it enhances its pharmacological 
effects. Allicin is a well known medicinal compound used for thousands of years, known for its antimicrobial, 
antioxidant, anti-inflammatory, and cardiovascular protective properties. Under ammonia (NH3) and heat, a 
substitution for organic reaction to produce our modified drug can be created. A double bond in allicin will 
break down and substitute one of the chlorine atoms on Lamotrigine, resulting in the modified drug and HCl as 
a byproduct of this reaction. It is expected to see increased flexibility and polarity, and decreased insaturation. 
The new drug should have better potency, stability, and solubility when metabolized and absorbed through 
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permeable membranes. Allicin will be sourced from freshly crushed up garlic, and with alterations it may help 
with treating partial seizures and bipolar disorder maintenance.  

Keywords: lamotrigine, lamictal, allicin, diallythiosulfinate, bipolar I, Lennox-Gastaut syndrome 
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Abstract 

More Than Athletes, a mental health-focused organization, was created by two psychology students who 
experienced the struggles of being student-athletes with multiple roles on campus. The purpose of the proposed 
program is to provide more mental health and wellness resources to Barton College students, specifically for 
those in the “athlete-plus” category. There is a growing issue regarding mental health in student-athletes that 
must be addressed. Applying the Eight Dimensions of Wellness Framework, More Than Athletes plans to 
address the mental health struggles experienced by student-athletes through the establishment of D.A.W.G.S., a 
peer mentoring program tailored specifically for athletes who serve in multiple capacities on campus. 
Additionally, each student reached will receive a pamphlet with information about D.A.W.G.S., mental health 
resources, and self-care tips. To accomplish this initiative, More Than Athletes is requesting a total of $500.00 to 
bring this proposal to fruition. 

Keywords: student-athlete, eight dimensions of wellness 
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Abstract 

Lacrosse is one of the fastest growing sports in the world. Field Lacrosse and Box Lacrosse have seen exponential 
growth over the past decade, although both versions are extremely different. Field Lacrosse is played on a football 
field with 10 players per team on the field, making it a much more technical game. The 80-second shot clock 
allows for longer possessions and more time to set up on both offense and defense. Box Lacrosse is played in a 
hockey rink with 30-second shot clocks and five players per team. Box Lacrosse is all about quick 
decision-making and creating plays in a small area within a short amount of time. Based on accessibility to 
hockey rinks and equipment, Box Lacrosse is more popular in Canada, while Field Lacrosse is more popular in 
the United States. In North Carolina, there is barely any exposure to Box Lacrosse. In this study, 12 Field 
Lacrosse players were coached in Box Lacrosse over four sessions. Typically, it is easier for a Box Lacrosse player 
to be good at Field Lacrosse, but hard for a Field player to be good at Box Lacrosse. Field players have the skills, 
but some lack the quick decision-making that makes a successful Box player. To find out how to help an athlete 
be a successful Box player, the group of 12 was divided into two teams. Team 1 would only be communicated to 
while they are in live play. Team 2 would only be communicated to during rest periods on the bench. After three 
practices, the teams played against each other to see which communication style showed more improvement over 
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the four sessions.  Using prior coaching knowledge, it was predicted that the coaching styles would not affect the 
improvement of the team, but would help the individual athletes.  This prediction was correct. Some athletes 
responded well to the different communication style, while others on the same team did not. This made the 
point that coaches need to get to know their athletes to find out what coaching and communication style works 
best for the individual athlete. Ultimately, it was found that a combination of the two styles is typically the best 
for the individual athlete, because talking to an athlete during live play is better for decision-making, while 
talking during a rest period helps teach. 

Keywords: lacrosse, field lacrosse, box lacrosse, coaching 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Barton Journal, vol. 1, no. 1, Spring 2026 200 
https://bartonjournal.org/ 



 

 

Online Transparency: How Social Work Can Function Better in the Spotlight 

CONFERENCE ABSTRACT 

Ethan Koekemoerᵃ* and Yvette Richardsonᵇ⁺ 

ᵃSchool of Business and Innovation, Barton College, Wilson, NC, USA 

ᵇSchool of Education and Social Sciences, Barton College, Wilson, NC, USA 

*Student author, ⁺Faculty mentor 

 

CITATION 

Koekemoer, Ethan; Richardson, Yvette. (2026). Online transparency: How social work can function better in 
the spotlight [Conference abstract]. Barton Journal, 1(1), 201–202. https://bartonjournal.org/vol-1-no-1/ 
2026-cat4-article-no-041 

© 2026 Ethan Koekemoer and Yvette Richardson. This article is published under the 
terms of the http://creativecommons.org/licenses/by/4.0/ License, which permits use, 
distribution and reproduction in any medium, provided the original work is properly 
cited. 

 

Abstract 

Social work originated with a primary focus on addressing immediate physical needs for individuals experiencing 
challenging life circumstances, including access to housing and basic care. Over time, the profession has 
expanded to encompass broader social conditions that perpetuate inequality, including systemic injustice, 
stereotyping, and structural barriers. Contemporary practice reflects this dual focus, integrating direct service 
provision with efforts to challenge and transform the social structures that sustain these unmet needs. Central to 
this approach are relationship building, community engagement, and meeting individuals and families within 
their lived contexts. The increasing use of social media by social work organizations has introduced debate 
regarding the role of digital transparency. Questions persist about whether online representation reflects 
authentic organizational values or serves as performative engagement. While some perspectives emphasize the 
potential of social media to enhance visibility, build trust, and broaden outreach, others highlight concerns 
related to misrepresentation, ethical boundaries, and the potential diversion of attention from direct service 
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delivery. Examination of these contrasting perspectives suggests the possibility of a balanced approach in which 
social media transparency is applied both ethically and strategically. Consideration of this issue through a 
business-oriented lens further indicates that intentional transparency may support organizational sustainability 
while maintaining a commitment to community-centered practice. Strengthening the impact of social work 
within communities requires critical engagement with these competing viewpoints. Recognizing and navigating 
the tension between visibility and authenticity may provide a more effective framework for leveraging social 
media to address immediate needs and contribute to long-term social change. 

Keywords: social work, relationship building, community engagement 
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Abstract 

The present study examined how psychological pressure contributes to the yips, a performance breakdown 
characterized by involuntary disruptions in fine motor control during athletic tasks (e.g., McDaniel et al., 1989; 
Saleh, 2023). It was hypothesized that athletes experiencing greater psychological pressure and anxiety would 
report yips. These yips include disruptions and poorer performance under high-pressure conditions. 
Participating student-athletes (N = 43) averaged 8-10 years of sport experience, with nearly half reporting 
experiencing yips. Participants completed a survey measuring competition anxiety, overthinking, and fear of 
mistakes, followed by a sport-specific skill task performed under low- and high-pressure conditions. They 
reported moderate competition anxiety (M = 5.86, SD = 2.04), higher anxiety during high-pressure moments 
(M = 6.83, SD = 2.32), as well as moderate levels of overthinking (M = 3.02, SD = 1.20) and fears of mistakes 
(M = 3.50, SD = 1.21). Contrary to hypotheses, there was no effect of experience on factors contributing to 
poorer performance; however, participants with a history of choking under pressure were significantly more 
concerned about impact of pressure (M = 6.23, SD = 1.59) than those without this experience (M = 4.56, SD = 
2.24), F(2, 38) = 4.99, p < .05, R2 = 0.21. A subset of participants completed a sport-specific skill task and 
performed marginally better in the low-pressure condition (M = 83.5%, SD = 19.6), t(3) = 2.45, p = 0.09. These 
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findings contribute to understanding psychological mechanisms underlying the yips and may inform targeted 
interventions to reduce anxiety and improve performance. 

Keywords: yips, disruptions, anxiety, pressure 

 

References 

McDaniel, K. D.; Cummings, J. L.; Shain, S. (1989). The “yips”: A focal dystonia of golfers. Neurology, 39(2 Pt 
1), 192–195. doi:10.1212/wnl.39.2.192. 

Saleh, Naveed. (2023, July). When athletes get “the yips.” Psychology Today. https://www.psychologytoday.com/ 
us/blog/the-red-light-district/202307/when-athletes-get-the-yips  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Barton Journal, vol. 1, no. 1, Spring 2026 204 
https://bartonjournal.org/ 



 

 

The Quality of Athletic Playing Surface and its Influence on Performance 

CONFERENCE ABSTRACT 

Kathryn Robinson* and Lauren Biscardi⁺ 

School of Health Sciences, Barton College, Wilson, NC, USA 

*Student author, ⁺Faculty mentor 

 

CITATION 

Robinson, Kathryn; & Biscardi, Lauren. (2026). The quality of athletic playing surface and its influence on 
performance [Conference abstract]. Barton Journal, 1(1), 205–206. https://bartonjournal.org/vol-1-no-1/ 
2026-cat4-article-no-043 

© 2026 Kathryn Robinson and Lauren Biscardi. This article is published under the 
terms of the http://creativecommons.org/licenses/by/4.0/ License, which permits use, 
distribution and reproduction in any medium, provided the original work is properly 
cited. 

 

Abstract 

This narrative review examines how the quality of outdoor athletic playing surfaces influences injury risk and 
overall human performance. It focuses on how surface type, consistency, and maintenance practices affect 
athlete stability, movement efficiency, and exposure to injury. The central question explores how variability in 
field conditions contributes to injury prevention and what standards are necessary to ensure safe and optimal 
performance environments. This study uses a narrative review methodology, synthesizing existing literature on 
outdoor athletic surfaces, including natural grass and artificial turf. Sources include peer-reviewed journal 
articles, sports governing body guidelines, and field maintenance reports. The review qualitatively analyzes 
findings related to surface hardness, traction, and upkeep practices to identify patterns linking surface quality 
with injury rates and performance outcomes. Understanding the relationship between playing surface quality 
and injury prevention is critical for athletes, coaches, and facility managers. Poorly maintained or inconsistent 
fields can increase the likelihood of acute and overuse injuries, while high-quality surfaces may enhance 
performance and safety. This review contributes to the field by highlighting key risk factors and emphasizing the 
importance of standardized maintenance and surface evaluation. The findings can inform best practices, 
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improve athlete safety, and support the development of guidelines for safer athletic environments. 

Keywords: athletics, playing surface, human performance, injury 
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Abstract 

Anterior cruciate ligament (ACL) injuries commonly occur during noncontact movements like landing and 
jumping, making biomechanics a key factor in injury risk. The Landing Error Scoring System (LESS), along 
with research on playing surfaces and athlete perceptions, highlights how environmental and movement factors 
influence injury likelihood. The purpose of this study was to examine differences in athletes’ Landing Error 
Scoring System (LESS) scores and perceived risk of lower-extremity injury when performing on natural grass 
versus artificial turf surfaces, as well as to determine how the playing surface may influence injury risk among 
athletes. Twelve female collegiate soccer athletes (21 ± 3 yrs) completed a modified questionnaire (Mears et al., 
2018) on perceived injury risk. Participants then performed three jump-landing trials from a 12-inch box on 
both surfaces. Trials were recorded and scored using the 19-point Landing Error Scoring System analysis tool, 
validated to reliably measure potential injury risk (Padua et al., 2015). The data were analyzed using a Wilcoxon 
signed-rank test to assess differences in LESS scores between the artificial turf and the natural grass surfaces. 
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Statistical significance was defined as p < .05. All participants believed field conditions increased injury risk, and 
75% reported a surface-related injury, with 50% citing grass as the increased risk, and 50% citing turf. Bumpy, 
hard, and inconsistent conditions were most frequently cited as conditions that may increase injury risk. The 
Shapiro-Wilk test showed the data were not normally distributed, W = 0.78, p = .006. A Wilcoxon signed-rank 
test indicated there was a significant difference in LESS scores between turf and grass playing surfaces, z = -3.06, 
p = .002, r = -1.00. LESS scores on the turf (Mdn = 4.0) were lower than LESS Scores on the grass (Mdn = 5.5). 
According to LESS criteria, 83% scored in a worse category on natural grass, while 17% remained in the same 
category. Both perceived and measured injury risk were influenced by surface type. Natural grass, particularly 
when poorly maintained, was associated with worse landing mechanics and higher perceived risk. These findings 
suggest alignment between subjective and objective measures and highlight the need for improved field 
maintenance and further research on surface properties. 

Keywords: ACL, Anterior cruciate ligament, athletes 
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Abstract 

The Final Whistle Foundation is a student-centered organization  focusing on senior student-athletes 
transitioning to life outside their sport after graduation. Student-athletes often face challenges when dealing 
with a structured schedule their whole competitive career, then transitioning to post graduate employment or 
further education (Wood, 2014). The problems are trying to tackle translating  athletic skills into career skills, 
having limited engagement to different career paths, and having loss of a daily structure (Stout, 2018). Using the 
Eight Dimensions of Wellness Framework, the Final Whistle Foundation proposed a senior student 
athlete-oriented seminar that aimed to increase career readiness, improve transferable skills, and enhance 
self-confidence. To accomplish the given objectives, the seminar will be held for two to three hours, by a 
student-athlete alumnus. This seminar will include structured reflection, a skill translation workshop, action 
planning, and building new professional schedules supported by a collaboration with athletics. A total of $500 
was  requested to support materials, facilitator compensation, and participant engagement resources. 
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Abstract 

A person’s well being can easily be affected by social media. Lui et al. (2025) explains how social media leads to 
information overload, social comparison, and digital fatigue. It was predicted that most people are highly 
affected by social media and allow other people’s content to affect how they feel about themselves, 
subconsciously changing their everyday habits because they were influenced to do so. Participants in this study 
were mostly freshmen. After conducting a t-test, correlation, and ANOVA, results showed that women (M = 
16, SD = 4.02) and men (M = 15, SD = 4.84) had no significant differences in Social Media Addiction (SMA). 
When measuring the correlation between gender and social media with the Rosenberg Self-esteem Scale (RSS), 
results indicated a significance for female participants. For women, there was a moderate negative correlation 
between RSS total and SMA total, r (21) = −.42, p < .05. For men, the correlation between RSS total and SMA 
total was not statistically significant, r (11) = −.30, p = .325. These results indicated that women’s self esteem was 
more negatively related to social media than men’s. Because of this, a social media detox for both genders would 
improve self esteem and well being overall. 
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Abstract 

The barbell back squat is a bilateral, multi-joint, closed-kinetic-chain movement that has become a staple in 
exercise programming for strength training, athletic conditioning, and rehabilitation. The modern back squat 
originated in the early 20th century and has become one of the most popular exercises for developing 
lower-body strength, power, and hypertrophy. In the strength and conditioning field,  training specificity is 
critical if athletes wish to optimise the transfer of physiological and biomechanical adaptations in the weight 
room to athletic performance in competition.  Therefore, the purpose of this narrative review is to evaluate how 
different variations of the modern barbell back squat can facilitate different biomechanical and physiological 
adaptations. This review will collect relevant literature that explores joint angles,  muscle activation, and 
physiological adaptations, and compare the findings to sporting examples across a variety of athletic disciplines. 
This article will contribute to the field of strength and conditioning by educating and informing strength 
coaches on how different squat variations can be programmed with specificity in mind. Moreover, this review 
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hopes to identify which variations of the barbell back squat should be implemented for specific sporting 
examples.  

Keywords: squat, exercise, programming, human performance 
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Abstract 

Aviation safety is primarily focused on technology-based systems, standard operating procedures, and rigorous 
training programs. Despite this, there is growing recognition of the importance of human performance, 
especially in how pilots manage stress under extreme pressure and time constraints. Research has investigated 
decision-making, workload, and CRM; however, there has been limited focus on the personal experience of 
pilots who experience stress during operational events (Casner et al., 2013). The purpose of this study was to fill 
this gap by examining the experiences of three commercial airline pilots from American Airlines, Gol Linhas 
Aereas, and Air France who all fly narrow-body aircraft. The three pilots reported having approximately 18,000 
total flight hours. Semi-structured interviews using a qualitative, phenomenological design method were used to 
investigate how pilots experienced and regulated stress during abnormal and emergency flight situations. Three 
primary themes emerged from the data analysis process. These were: training/procedure discipline, time 
pressures/decision making, and communication via CRM. The three pilots consistently stated that their job 
required them to be constantly working under pressure. To mitigate the effects of stress, the pilots relied heavily 
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on the structured nature of routine work, checklists, and team-based decision making to maintain control over 
flights. The pilots also reported that instead of completely removing stress from their jobs, they learned to 
effectively manage their stress levels through preparation, prioritizing tasks, and coordinating efforts among crew 
members in the cockpit. These results emphasize the need for understanding both technical proficiency and 
psychological performance in the field of aviation. Additionally, these findings provide insights into developing 
training programs that can better prepare pilots to deal with stressful operational events, thereby promoting 
greater safety and more efficient flight operations. 
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Abstract   

The purpose of this study is to explore how participation in collegiate sport contributes to the development of 
leadership and disciplinary skills, and how these skills transfer into high-pressure professional careers. The 
research targets former collegiate student-athletes who have a leadership role in a high-pressure environment, 
such as the military,  coaching, or management. The study aims to understand how experiences in sport, such as 
teamwork, communication, discipline, and performing under pressure, prepare individuals for leadership 
responsibilities beyond athletics. This study uses a qualitative research design and implements purposive 
sampling of former college student-athletes who are currently working in leadership roles in high-pressure 
professional environments. The interviews were held by phone and lasted  approximately 20- 40 minutes. The 
responses were  audio-recorded, transcribed, and then categorized by utilizing thematic analysis to identify 
common patterns. This was done to connect responses to leadership development, discipline,  communication, 
and the ability to manage pressure. Overall, this study will contribute to a more developed understanding of the 
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relationship between sport participation, leadership development, and having a professional role in a 
high-pressure environment. This research stems from current leadership and sport psychology scholarship, 
whilst providing new qualitative data and  may provide valuable insight for coaches, educators, and 
organizations who wish to develop leadership qualities in athletes that extend beyond the sporting world. 
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Abstract 

Creosote produced from coal-tar distillate is an archaic, highly toxic wood preservative commonly used today, 
predominantly in utilitarian applications (e.g., utility poles, railroad crossties, and marine pilings). Creosote 
consists of a mixture of carbon-based compounds, most of which are known human carcinogens, with high 
persistence to leaching and threatening  groundwater and soil. As the total phase-out of creosote-treated wood is 
a long-term goal, the development of retroactive coatings to mitigate leaching is a high-priority environmental 
strategy. This study reports on the PAH leaching suppression efficacy of a poly(organosiloxane)-based 
nanocoating, designated Sol-186-3, that can be retroactively applied via spraying directly to creosote-treated 
wood substrates. The coating, composed of tetra-ethoxysilane, propyl-functional, and epoxide-functional 
alkoxysilanes, forms a matrix through sol-gel condensation. This coating provides a hydrophobic structure 
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capable of interacting with wood lignocellulosic sites and creating a siloxane network. The coating is proposed to 
reduce PAH leaching through physical encapsulation within a hydrophobic matrix and non-covalent 
interactions. Aqueous leaching tests, followed by UV-absorbance spectroscopy were conducted to evaluate 
immobilization efficiency. The results showed suppression of peaks characteristic of PAHs, and after 3 hours of 
leaching, Sol-186-3-treated samples had a 66% reduction in overall leachate compared to untreated creosote 
wood. Water-repellent efficiency, after extended immersion in water, was confirmed by conducting the test in 
accordance with ASTM D103. These findings confirm that poly(organosiloxane) nanocoatings can be used as a 
viable and environmentally friendly means of reducing toxic leaching from existing creosote-treated wood. 
Beyond utilization as a mitigator, the same chemical framework proves itself as a promising wood preservative 
alternative for creosote without entailing the harmful consequences. 
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Abstract 

Hypertension is one of the most prevalent and dangerous cardiovascular risk factors, and is often mitigated 
through long-term pharmacological management. This disease is often treated through pharmacological 
methods, due to the fact that there is no true cure for hypertension currently available. One of the drugs used for 
hypertension is called Amlodipine, an antihypertensive drug that is a calcium channel blocker (CCB). 
Amlodipine increases vasodilation which reduces blood pressure. Hawthorn berry is a naturally occurring plant 
that also increases vasodilation through its active ingredient, oligomeric procyanidins. Using these together 
could benefit the patient in multiple ways. With both of these affecting vasodilation, a possible lower dose of 
amlodipine could be used in conjunction with the hawthorn berry. The aim of this experiment was to find a 
dosing system that combines normal antihypertensive drugs and Hawthorn berry to lessen the effects of 
hypertension on the body; specifically, finding a safe threshold for hawthorn berry to be used in conjunction 
with amlodipine. It is believed that with proper dosing and drug management, hawthorn berry can be taken 
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alongside other drugs. This research will be beneficial to polypharmacy patients, as it the lower a antihy- 
pertensive drug dose. 

Keywords: hypertension, hawthorn berry, oligomeric procyanidins 
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Abstract 

Heart rate variability (HRV) measures the fluctuation of time intervals between heartbeats and is used to 
indicate how the body manages stress, recovery, and general cardiovascular health. High HRV can indicate good 
fitness or physical recovery, while low HRV can indicate high stress, fatigue, or illness. This study evaluates 
whether a competitive Fortnite Reload game impacts players’ heart rates and heart rate variability. Fifteen 
participants on the Barton College Esports team were split up into three groups of five (beginner, intermediate, 
or expert) based on experience level. Each person was assessed wearing a Zephyr monitor that allowed their 
respiration rate, heart rate, and HRV to be monitored during Fortnite Reloaded gameplay. Heart rate was 
measured at rest, then the active heart rate was measured after they performed 20 pushups. During gameplay, 
their RR, HR, and HRV were recorded during kills, deaths, and at the outcome (win/loss). One-way ANOVA 
was used to compare outcomes between skill levels. Alpha was set at .05. Expert and intermediate players had 
more total kills than beginners (p = .003). No significant differences were observed in HR, RR, or HRV 
between skill levels during kills, deaths, or outcome (p > .05). Active HR was higher than gameplay HR (p < 
.001). According to the data, a game of Fortnite Reloaded caused a physiological stress reaction less than what 
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occurs during moderate exercise. Experience level had no impact on the RR, HR, or HRV of players during 
gameplay. It also showed  that experience levels affect gameplay skills. This shows that while not as physically 
taxing as exercise, video games, specifically Fortnite Reload, do have physiological effects on the body. 

Keywords: heart rate variability, cardiovascular health, Fortnite Reload, stress 
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