The Sum Assessment System
(Technical Paper)

The Effects of Augmented Reality Technology and its Impact on Healthcare
(STS Paper)

A Thesis Prospectus Submitted to the
Faculty of the School of Engineering and Applied Science
University of Virginia * Charlottesville, Virginia
In Partial Fulfillment of the Requirements of the Degree
Bachelor of Science, School of Engineering

Carl Zhang
Fall, 2019

Technical Project Team Members
Peter Felland
Amelia Hampford
Nuzaba Nuzhat
Samuel Shankman
David Xue
Connor Yager
William Zheng

On my honor as a University Student, I have neither given nor received
unauthorized aid on this assignment as defined by the Honor Guidelines
for Thesis-Related Assignments

Signature % A"’ﬁ/' Date ! /Zo /I 1

Carl Zhang Z

Approved _ S%Me_@( ﬂ()fal/wvx Date \ NZZ/ &\

Ahfed Ibrahim, Department of Computer Science

Approved /(/6\*4/ Date/ / / A /! 7

Thomas Seabrook, Department of Engineering and Society






Introduction

Pokémon Go was a vastly widespread game phenomenon that spurred millions of people
to go outside in search of cute little creatures through their phone’s camera lenses. Augmented
reality (AR) is the technology that can be largely attributed to the game’s initial marketing
success. More specifically, AR is a human-machine interaction which projects an overlay of
virtual images and components onto the physical world (Dini, 2015). The concept of AR can be
dated back to the 1960s when lvan Sutherland surmised the idea of immersive displays, but the
term “augmented reality” was not coined until 1992 (Schmalstieg, 2016). The use of AR can
affect everyday activities by providing users with useful information in a conspicuous way that
does not heavily intervene the user. While the implementation of AR in Pokémon Go was not the
main reason for its continued success, the additional walking by individuals playing the game
was a positive health outcome (Rapp, 2018). Due to rising levels of obesity in the United States,
along with other existing health problems, AR presented itself as a candidate within technology
that could potentially impact individuals’ health in a positive way. The idea that Pokémon Go’s
AR marketing could impact health on a global level motivated me to research how AR could be
used in other ways within technology to combat health issues. Similarly, the work within my
capstone team can be related to disabilities and health concerns through their implementation of
demographically scored questions. The technical research of my capstone group is The Sum
Assessment system. It is a data analysis form that takes individuals’ responses to a set of
questions to determine how they think and uses the data to perform guided consultation to
individuals. Parts of the assessment are determined based on demographic sections pertaining to

users’ disabilities, which motivates me to research how the assessment evaluates those



individuals’ perspectives in relation to the general populace. The general goal of my research is

to investigate the effects of AR in technology to explore how it impacts healthcare practices.

Technical Topic

The Sum, led by Elliott Cisneros, is a Charlottesville, Virginia non-profit partnered with
the Heather Heyer Foundation which promotes personal growth, skill development, and
diversity. The goal of The Sum is to stand in solidarity with all people, no matter their
background. The Sum offers a Power of Difference Assessment (PDA). The PDA gathers
participants’ demographics and asks a series of demographic-based questions. After taking the
PDA, a report with results is generated and emailed to the participant. The results are categorized
across demographics, areas of strength, and areas of growth. The results help reveal people’s
demographic biases. Those that take the PDA can meet with a consultant from The Sum to learn
about their biases and how to communicate better across demographics. There are paid, free, and
organizational versions of the PDA with the only difference being the length of the consultation

received (“The Sum”, n.d.).

The Sum already has an online PDA system in place. The current system allows users to
take the PDA and schedule a consultation. However, the system is error-prone. The system
improperly categorizes results and it requires someone at The Sum to manually generate reports
and email them to users. As part of report generation, categorizations are manually checked and
corrected. This makes report generation time consuming and prone to human error. Although
manually generating a report only takes a few minutes, the time from PDA completion to reports
being emailed to users varies based upon availability at The Sum and can take up to 24 hours.

This methodology is not scalable and cannot support the upcoming UVA Department of



Psychology study of 1,000 PDA takers. In addition to this, the current system does not detect a

difference between assessment versions. It is also insecure and allows for URL manipulation.

The goal of this capstone project is to make a new PDA system. The new system should
include all the features of the current system. The new system should correctly categorize results,
generate reports, email reports to users, and detect which version of the PDA is being taken. For
organizational and paid versions of the PDA, the new system should handle organizational
access and payments correctly. The new system should also have security checks in place to

prevent revisiting previously answered questions and URL manipulation.

In order to make the new system, requirements had to be gathered from The Sum.
Requirements determine what features should be part of the new system and which features
should be prioritized. Feature prioritization impacts the development timeline. Requirements
help track development progress. Separating the work into requirements allows the team to
determine who works on which features. Most importantly, requirements establish clarity

between the capstone project team and The Sum for what is to be built.

Minimum requirements are to make a system where users can sign up with a valid email
address, undergo email verification, select which version of the assessment to take, fill out user
demographics, answer each question of the PDA, only view one question at a time, only answer
questions in order, and have access to the separate consultant scheduling system. Users cannot
change responses to previously answered questions. For the minimum requirements, assessment
versions do not have to differ and The Sum should have administrator access to the system so

they can view results, generate reports, and email reports to users.



Desired requirements include having the system correctly categorize results, generate
reports, and email the reports to users and The Sum. Desired requirements also include
implementing the paid and organizational versions of the PDA, moving the system to the cloud

for scalability, and enhancing the systems administrator experience for The Sum.

Optional requirements include integrating the consultant scheduling system with the PDA
system, supporting mobile devices, supporting changing the PDA questions, letting The Sum
give consultants permissions to view specific user’s results within the system, and allows

organizations to view the results for their members who have taken the PDA.

STS Topic

AR serves as a blend of virtual elements with real world environments to create
overlaying visualizations. The problem that AR faces is the lack of widespread technological
experimentation within healthcare. However, within the medical field in particular, AR can allow
researchers to test different uses of AR to determine the impact that it has on patients with
particular problems. The use of AR can allow for much easier access to rehabilitative methods
since people would only need access to a computer with current technology (Jia-Kuan, 2011).
Studying the benefits that AR can bring to the medical field greatly impacts how healthcare
services are performed in regards to effects on individuals’ health. As AR can span many
platforms of technology, it can be used in web and mobile based apps with more room for
scalability and adaptability in the future in terms of development (Qiao, 2019). It is worthy to
note the potential AR technology has for impacting healthcare. Health has always been an

important concern, and AR has the ability to reshape medical practices.



One STS theory that engages the research topic presented is social constructivism. It is
the claim that scientific knowledge is determined by social forces that are independent of other
methods (Detel, 2001). One of the main approaches of social constructivism is that the
development and content of scientific theories are all based on social factors and mutual
communication (Detel, 2001). Concerns related to the use of social constructivism stem from the
fact that there are problems with the objectivity of knowledge, raising doubt on the reliability of
knowledge that is socially constructed (Anttonen, 1999). There is a risk of having biased or false
information taught in education, leading to the obstruction of true knowledge (Anttonen, 1999).
However, as AR can be used for educational purposes, AR apps allow students to demonstrate
new learning outcomes by exploring educational content in new ways (Del, 2019). With further
integration of AR in education and other fields, new cognitive functions within social
interactions will assimilate new knowledge. The medical field is one that has also begun to
incorporate the use of AR technology to change the social outlook on AR’s role within
technology. In one study, a survey based on a theoretical research model ascertained that patients
saw a positive response from interactions with AR technology in rehabilitative use (Parisis,
2019). People are guided by their interactions with environmental stimuli, and AR plays an

active role in cognitive development and the assimilation of new knowledge by users.

Another STS theory that can be applied to my research topic is Actor Network Theory
(ANT). ANT is based on the core assumption that society is always in the making, with science
and technology being a large factor that configures how society is shaped as time moves forward
(Callon, 2001). It also does not believe that social relations are independent of the material world
and that everything is instead connected within a large network with varying levels of

importance (Whittle, 2008). While ANT is used in organizational studies to develop critical



theories, it cannot provide a good account for organization in the process of empirical analysis
(Whittle, 2008). ANT has also been criticized to not account for preexisting structures of power
within its network, claiming that they are a result of the actions of other actors within the
network where similar interests align (Sheldon, 2010). The impact of Pokémon Go on society
can be attributed to ANT as the Pokémon series has been shaped by society to become a popular
brand. The advertising ploy used by the app to incorporate AR with a real-world Pokémon
experience works in tandem as it created a larger socio-technical impact despite AR being a
failure in the actual success of the app (Rapp, 2018). Within the scope of the network involving
healthcare, AR is not currently a prominent actor. Some research studies, such as one
investigating the effects of AR in preventing the physical effects of Type 2 diabetes, places more
importance on AR as an actor within the network due to its larger presence (Neira-Tovar, 2018).
By conducting additional research with AR technology in healthcare, the network AR is in will
continue to expand to create a larger network that can connect AR with other existing health

related issues.

Research Question and Methods

The question that | wish to research is to know how the implementation of AR in
technology can improve peoples’ health, whether it be physical or mental health. | can employ
documentary research methods and historical case studies to gather evidence. Documentary
research methods align with my question, for it helps me to verify that the evidence | analyzed is
capable of supporting my interpretations of data. With historical case studies, I can look at past
artifacts or published accounts from researchers that have studied queries related to my question,

which | can use to gain a deeper understanding of how the case relates to my topic.



Through documentary research methods, certain technology can be introduced as
evidence that support AR’s integration into the medical field. Structural health monitoring refers
to damage detection implementation where technology is used to for impact detection (De
Marchi, 2016). While it is typically performed using various sensors, an eyepiece integrated with
AR can allow people to see the estimated impact position (De Marchi, 2016). Since AR can be
used to detect impacts within structural health monitoring, there is the potential for it to be
integrated into other healthcare systems to improve people’s wellbeing. Similarly, a case study
performed to improve surgical simulation using AR helps to shape healthcare artifacts in order to
build newly designed solutions (Viglialoro, 2019). The published account details the long-term
development of hybrid simulators that used real and virtual components for laparoscopic
cholecystectomy, with AR visualization results demonstrating that the simulator can be used for
training in recording surgical errors (Viglialoro, 2019). The results of the study support the
interpretation that AR visualization can be seen as an effective tool for medical purposes, which

supports my research into the effects of AR in technology on peoples’ health.
Conclusion

The technical deliverable is The Sum’s assessment system used for gathering
participants’ data from their responses, and the improvement of The Sum website. The
anticipated outcome of the project is a revamped version of the original website with scheduling
integration for consultation and limited use access codes for assessment entry. The STS
deliverable is to research how AR technology’s impact in healthcare can combat various medical
problems. After analyzing current studies and examples of AR implementation in technology
with regards to healthcare, the beneficial aspects of AR can be seen from present developments

in select medical fields. With future innovation, AR can become more prominent in aiding



individuals with better methods of healthcare. AR is a relatively new technology in terms of
healthcare capabilities in comparison to to other modern advances in medical fields. By
researching current implementations of AR technology, new methods of integration can be
incorporated within healthcare, although the expected outcome will potentially be restricted by
limitations of time and quantity of data based on existing research. Allowing for more studies
related to AR to be conducted in the future will help to reinforce the outcomes of the research
presented here, with the anticipation that AR technology helps the medical field to advance

towards better healthcare services for society.
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