
Intellectual Merit and Research Experience: I relied on the free and reduced meal program at my 

elementary and middle schools for most of my childhood. When I got to high school, I applied to the 

colleges and universities that I could commute to because I could not pay to live on campus. At San 

Diego State University (SDSU), I chose to major in B.S. Mechanical Engineering because I liked to 

figure out how stuff worked. But at the time, the main motivating factor was because engineering is a 

stable and well-paying job that could support my family and me. Stepping into my Mechanical 

Engineering 101 class on the first day of college, I was taken aback by how few women there were. I was 

one of only 5 female students in a class of about 70 students.  

Despite my initial shock, I sought out and joined an engineering sorority, Alpha Omega Epsilon 

(ΑΩΕ), to meet and bond with other women in engineering and technical sciences. Meeting these 

amazing, intelligent, and talented scholars made me realize how important mentorship was, especially as 

a first-generation college student. To become more involved, I ran for and won the position of 

Corresponding Secretary. My role included collaborating with other ΑΩΕ chapters at other schools and 

creating networking opportunities with other female engineers. It was also through my role as 

corresponding secretary that I learned about a weekend-long woman-centric hackathon, HackXX. 

Attending HackXX in the summer of 2017 was a foundational experience that changed my entire 

educational trajectory. At HackXX, I wanted to meet other women in tech, and I teamed up with three 

female computer science students to create an immersive user-friendly experience in virtual reality. 

Within 72 hours at that hackathon, my team programmed a virtual reality (VR) game that won Northrop 

Grumman's Best UX Design Challenge Award. Based on the success of the hackathon, I wanted to create 

similar opportunities for other people at my school. 

Following this passion, I made it my mission to learn, teach, and engineer innovative novel uses 

for immersive technologies, such as VR, in order to better the human experience.  At the beginning of my 

sophomore year, I cofounded the VR Club at SDSU. I wrote the club's Bylaws, recruited a faculty advisor 

(Dr. Patty Kraft), and served as Secretary. I have lead projects and have taught many club members C# 

scripting, how to use the Unity game engine with VR, and implement VR-friendly designs. Based on the 

success of the VR Club, Dr. Wenwu Xu, a mechanical engineering professor, wanted to recruit students 

for his SDSU Center for Teaching and Learning Mini-Grant Program to implement a VR tool to enhance 

engineering learning. This opportunity let me combine my mechanical engineering expertise with my 

passion for VR and immersive technologies. The project - Crystal Craft -- was used to teach mechanical 

engineering students about concepts for an "Introduction to Engineering Materials" class. By my second 

semester of my sophomore year, I served as the lead mechanical engineer for that project. It proved to be 

an enriching experience because feedback from the evaluation surveys indicated that 100% of the students 

who completed surveys agreed that VR helped them further understand material structures. This 

experience inspired me because it illustrated that immersive technology like VR can go beyond games 

and be used to help people in their lives and learning environment. 

I resonated with the content of the mini-grant project, as well as the project’s focus on mentorship 

and the integration of engineering with the human experience. I sought out participation and was accepted 

into the Summer Program for Interdisciplinary Research and Education – Emerging Interface 

Technologies (SPIRE-EIT) Research Experience for Undergraduates (REU) program at Iowa State 

University (ISU) in 2019. SPIRE-EIT was appealing because I felt welcomed as a minority-female 

scholar and the program had an excellent reputation for making under-represented scholars feel accepted. 

During the REU, I took on a mini project to design 3D printed modular high heel shoes. This project 

involved engineering and fabricating high heels with interchangeable heels of varying height. I designed 

and printed models of proof of concepts to demonstrate a nut and bolt embedded into the 3D printed parts 

to mesh two 3D printed parts together (experience that I will draw from with phase ii. of my research 

plan). I learned about the limitations and functionality of additive manufacturing as I worked towards my 

goal of printing a fully-functioning prototype. I was proud to combine engineering with femininity, not 



only in the high-heel shoe printing but also in how I approached the 3D printing project in a spirit of 

collaboration and communication. I was the sole mechanical engineering student well-versed in a 

computer aided design program called SolidWorks (experience I will draw from with phase i. of my 

research plan). I taught other REU students the fundamentals of SolidWorks so they could be empowered 

to design their own prototypes. I was sought out for feedback on fellow REU student’s 3D printed 

biomedical finger cast design using my knowledge of mechanics of materials and stress. Collectively, our 

group found that by working together, our individual projects became more enriched and successful. 

The SPIRE-EIT REU was also a formative experience for shaping my educational goals by 

introducing me to Dr. Elizabeth Shirtcliff and her research group - the Stress Physiology Investigative 

Team (SPIT) who are experts in autonomic and stress physiology. My group was tasked with designing a 

stressor that evokes a physiological response. We reasoned that a VR dance competition would evoke a 

stress response because it induces social evaluative threat (feeling like others are judging your dance 

moves) and the physical modality of dancing was more conducive to VR than the commonly used stressor 

of public speaking. I challenged myself to take on a leadership role with my REU team while facilitating 

communication with the SPIT lab. Leveraging my prior experience with VR, I initialized the project in 

the Unity game engine and oversaw the majority of the dance animations and model rigs. We 

implemented our stressor with human participants in which I collected biomarker data such as saliva 

samples, heart rate variability, and skin conductance. The REU project commenced writing results in a 

research paper where I challenged myself to take on a role as a primary REU author. Noting that our 

hypothesis was supported -- a virtual dance-off successfully evoked autonomic and cortisol reactivity, our 

team decided to carry the REU project further.  My teammates and I presented our research at the Iowa 

State University Undergraduate Research Symposium in August 2019 and at an international conference, 

the Annual Biomedical Research Conference for Minority Students 2019 (ABRCMS). Our team would 

go on to write-up the virtual dance-off results in a peer-reviewed paper that ultimately won the Best Paper 

Award at the 11th International Conference on Applied Human Factors and Ergonomics (AHFE 2020). 

These experiences gave me the opportunity to practice communicating my research findings to a broad 

community of scientists and engineers and taught me that I fully enjoyed the scientific process from study 

design and implementation to dissemination of ideas as well as interdisciplinary collaboration. 

 In order to further develop my interdisciplinary expertise, I have continued to work with the 

SPIT lab as part of a Vertically Integrated Project (VIP) which began as the “next generation” of the 

SPIRE-EIT REU in which I took on a mentorship role with new scholars to teach them about VR and 

help design another novel stressor examining the physiology of transportation stress. This project pivoted 

when the COVID-19 pandemic began and our team opted to conduct a student-led systematic review of 

studies that have tested stress physiology and VR. I have never done a systematic review or meta-

analysis, but I stepped up to the task and I am currently spearheading the data extraction process. I set up 

the data extraction tables to collect physiological data (e.g. levels of cortisol, heart rate, and skin 

conductance levels) from over 100 studies, assisted with managing citations of the papers, and reached 

out to authors to gather additional data that was not present in their papers. The most important thing I am 

learning from the REU and the SPIT lab is that the human -- including their neuroscience and physiology 

-- is a critical piece to immersive technology. 

After the REU, I wanted to challenge myself to further develop my interdisciplinary research 

abilities as it interfaced with my mechanical engineering background and interest in immersive 

technology. I approached Dr. Wenwu Xu who agreed to supervise me as I completed a special study on 

virtual reality learning and robotics. I developed the research proposal and timeline, while taking his 

feedback. Despite project setbacks in which I was unable to utilize on campus resources due the COVID-

19 pandemic in March 2020, I continued my own research at home and I presented my findings on 

current literature on virtual reality learning and robotics via Zoom. These experiences demonstrate my 

passion for immersive technology, and enjoyment for interdisciplinary research which combines 



engineering and the human experience. It became evident that to continue engaging with others and 

researching immersive technology required the next logical career step in which I go to graduate school in 

Human Computer Interaction. 

Broader Impacts: When I get to ISU for graduate school, I want to create opportunities for personal 

development and mentorship for other underrepresented students. Like the many people who have 

mentored me, my philosophy is to become a mentor that inspires a future STEM leader and to create a 

safe and supportive learning environment in research. Dr. Elizabeth Shirtcliff is involved in a number of 

programs that seek to expand the participation of underrepresented minorities in STEM and STEM 

education at ISU such as the SPIRE-EIT REU, McNair Scholars program, IINSPIRE LSAMP, and VIP 

program. Her research lab uses a VIP format in which the mentee becomes the mentor through hands-on 

experiential trainings and monthly didactic trainings about the process of mentorship. I will leverage this 

laboratory infrastructure and the programs available at ISU in order to learn to be a leader and mentor for 

under-represented scholars and women in STEM, from a woman in STEM who has successfully inspired 

me. My performance will be evaluated through meetings with faculty and a monthly SPIT lab discussion 

devoted to mentorship responsible conduct of research using an NSF sponsored curriculum [1]. 

  I would also like to exert a broader impact by giving back to the program that inspired me to 

become an interdisciplinary scholar at ISU. With the exception of COVID-19, the SPIRE-EIT REU 

program has been successfully funded without interruption for 20 years. It is a reasonable goal that I will 

spend at least one summer as a graduate mentor to undergraduates in the program. I would assist in their 

projects by offering feedback on their scientific writing, ideas, and answer any questions on life as a 

graduate student. Because of the wide network of SPIRE-EIT REU, I would aim to connect these students 

with other mentors and faculty to foster a connection and support system. My goal is that the SPIRE-EIT 

REU students would evaluate my professional conduct, and efficacy as a mentor with the same level of 

enthusiasm that this program generated in me. As is typical for the REU, my skill as a mentor will receive 

formative evaluation through anonymous evaluations that I will use to better myself professionally and 

academically to further foster the next generation of scientists and researchers.  

Another broader impact activity will be to design, lead, and host a weekend long hackathon at 

least once a year that requires participants to design, develop, and present innovative technological 

solutions. I will leverage my experience in the HackXX and leadership in the VR club to help participants 

learn and to spark their curiosity by diving right in. Students could work alone, but collaboration will be 

highly encouraged because learning how to communicate and work in a diverse group is more important 

than ever in an increasingly interdisciplinary and globalized world. I would recruit volunteers and reach 

out to faculty and industry to sponsor and be judges, most likely leveraging the resources at VRAC to 

accomplish this task. Hackathon sessions would also include beginner-friendly workshops on various 

technological and science topics, such as programming languages, learning how to present an idea to an 

audience, and hardware prototyping. Although I anticipate ample participation from a club-like format, 

similar to my success as a leader of the VR club, I may need to leverage the Honors Seminar format in 

which 15-20 undergraduate students receive 1-2 credits to complete the hackathon. At the end of each 

annual event, I would send out surveys to gather feedback on the hackathon and use the feedback from 

the scientific judges to improve program development. 
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