
Intellectual Merit: The COVID-19 pandemic has demonstrated an urgent need for remote immersive 

technologies to allow people to work from a physical safe space, but to also feel connected. Traditional 

2D screens lack the ability for users to feel fully immersed, leading to fatigue [1]. One solution is to use 

spatial computing devices which enhance presence and immersion in a virtual realm [2], but this 

emerging technology is in need of further development. Spatial computing includes VR head mounted 

displays (HMDs), which have become more ubiquitous and, for example, play an increasingly larger role 

in psychological research to improve standardized stress testing. However, in VR, users cannot see 

themselves, they are not aware of where the body and limbs are (proprioception), and hand tracking is not 

sophisticated enough to have the user feel immersed into the virtual environment. The objective of this 

application is to design and implement new hardware to mitigate the disconnect between the user’s visual 

perception and proprioception to enhance virtual immersion for remote technologies. 

Research Activities: My background in mechanical engineering, VR software development, and 

biopsychology in combination with trainings at Iowa State Virtual Reality Applications Center (VRAC) 

has prepared me to undertake the following activities. I will fabricate biocompatible piezoelectric sensors 

that are conducive to human movement so the user will see their body parts move in the virtual 

environment as they move. This research will develop in three phases: 

 (i.) Designing the biocompatible piezoelectric sensors that will be placed on the user’s hands 

and up to the elbow of the arms. The design guideline for the interface between the human and virtual 

environment is to be soft and non-invasive. The sensors will be designed and visualized in SolidWorks, 

which has 3D parametric modeling capabilities that are useful for planning, visualizing, and prototyping. 

Sensors would then be fabricated out of polyvinylidene fluoride (PVDF) thermoplastic to be used as an 

actuator and to harvest energy [3]. Mechanical energy from the user’s movements will bend the PVDF 

sensor and, because it is piezoelectric, will output a measurable electrical signal conducive translating 

user input to the virtual environment. The reverse would also be true (i.e. an 

electrical signal from the virtual environment sent to the PVDF sensor would 

cause a mechanical movement in the sensor), and create haptic feedback for 

the user. Sensors will be shaped into thin rectangles with varying infill 

patterns. Different pattern prototypes will be designed so, when the sensor is 

bent counterclockwise by more than 10 degrees, a voltage of no more than 0.2 

V should be output. Similarly, if the sensor is bent more than 10 degrees 

clockwise, a voltage of -0.2 V should be output. For this interface, a voltage 

of 0V indicates a neutral position where the forearm is in line with the elbow and wrist. Therefore, angle 

changes will take reference from the neutral axis of the forearm (Fig. 1). To ensure there is no confusion 

between which side attaches to the user, the user-side will be a green color. Furthermore, sensors will be 

attached by integrating the sensors into a silicone glove. This phase is achieved when the designed 

prototype can bend to the desired voltages in a SolidWorks simulation. 

(ii.) Fabricating and testing the sensors. Leveraging my experience with additive 

manufacturing from the SPIRE-EIT REU program, additive manufacturing is ideal because of its quick 

turnaround time, cost effectiveness, and flexibility. A Fused Filament Fabrication (FFF), also known as 

Fused Deposition Modeling (FDM), 3D printer would be utilized and filled with PVDF filament to print 

the sensors. In order to maximize the piezoelectric effect in PVDF, the corona poling process would be 

utilized when printing the sensor [4]. I would use the additive manufacturing lab at VRAC to print the 

sensors. Once printed, sensors will be tested for the required voltages when they bend a certain way as 

described in phase i. Voltages will be tested by a digital multimeter. This phase is achieved when a 3D 

printed sensor prototype is successfully printed and can bend to the desired voltages.  

(iii.) Integrating the entire interface in order to test it on human participants. Sensors will be 

embedded and attached to a silicone glove, and connected by wires coated in a non-corrosive polymer. 

Using the VR computing VRAC resources, I will ensure that my interface will function with a VR task to 

test the functionality of my sensor interface. To ensure accurate participant tracking, I will use an existing 

VR HMD. I will also take advantage of the built-in tracking of the VR headset. Using the Unity game 

engine due to its VR capabilities, I will create a 3D model of the sensor placement of the human and code 



the necessary virtual movements that correspond with the voltage output of the sensor. Leveraging my 

prior VR coding experience (e.g., HackXX, SPIRE-EIT REU VR dance task [6]), I will also implement a 

pre-existing virtual reality task, using the Unity game engine [6]. Using a similar approach to the REU 

project and other SPIT lab projects [5,6], after obtaining IRB approval, my project will test this interface 

with N=30 young adult human participants recruited via flyers and course announcements. Participants 

will have 9 wet electrodes placed on their upper body for continuous autonomic biomarker collection 

recordings across the 1-hour session and will provide up to 6 saliva samples via passive drool. After 

completing wet lab training, I will assay these samples in Dr. Shirtcliff’s laboratory for cortisol and 

testosterone using immunoassays [7]. In addition to other self-report measures (e.g., presence 

questionnaire [8]), participants will report feedback about the device data through surveys and open-

ended qualitative responses. My hypothesis is that the device will score as well or better than presence 

and immersion for our other tasks and, because of the heightened immersion [9], the VR task with my 

sensors will induce greater physiological arousal than the task without my sensors.  

Broader Impacts: I will exert a broader impact on the scientific community by being involved with my 

mentors’ activities such as IINSPIRE LSAMP, SPIRE-EIT REU, and McNair scholars program so I can 

help inspire others to pursue research and careers in STEM. Learning how to mentor is a feasible goal 

because my mentor has a Vertically Integrated Project (VIP) format in which gradually, over time, I will 

take on more mentorship responsibilities with scholars of different disciplines and programs. I will also 

exert a broader impact by hosting activities (like what I have done at HackXX) that provide an 

opportunity for other first-generation students to have hands-on experience with immersive technology, 

view my work and complete a Question and Answer session. I will also reach out to minority-female 

scholars to speak about the novel human interfaces to empower people with technology.  

This research itself also broadens our understanding of human machine interfaces and spatial 

computing, ultimately enhancing remote collaboration by allowing users to become more comfortable and 

immersed into the virtual world. Also, this research will promote interdisciplinary collaboration between 

engineers, software developers, biologists, and psychologists, allowing my training to culminate in a 

transdisciplinary scholar with uniquely strong skills about the interface between the human user, their 

physiology and immersion in virtual technology. Technology is an extension of ourselves, and it should 

be up to the user on how they interface and express themselves with it. The support of the NSF GRFP 

would accelerate my research goals to become an interdisciplinary scholar with an expertise in immersive 

technology and allow my research to expand the potential to transform lives and communities. 
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