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ABSTRACT

INTRODUCTION

The aim of the research was to find an effective way to visualize the symptoms 
of chronic illnesses. Systemic Lupus Erythematosus (SLE), a chronic autoim-
mune disease, is notoriously difficult to detect. This illness can involve and af-
fect nearly any organ, often resulting in a wide range of symptoms. A literature 
review was conducted to collect heterogeneous data about lupus symptom 
clusters. A method of interactive visualization was developed using D3. The 
data was standardized and formatted to be used in the interactive visualization.

Patients with SLE can experience a very wide range of symptoms. Many ex-
perience muscle pain, fatigue, and/or a malar rash. A malar rash, or “butterfly” 
rash, is a red rash that occurs on the face and covers the cheeks and nose, 
forming the shape of a butterfly. It is a telltale sign of lupus, but has also been 
commonly associated with other illnesses like rosacea. There are also psy-
chological effects, and some SLE patients experience depression and anxiety. 
Some patients can also develop arthritis, and experience joint pain. Expression 
of the disease varies significantly from patient to patient, and symptoms can 
be experienced in nearly any organ in the body. This makes SLE very difficult 
to diagnose, and visualizing clusters of symptoms might allow for a greater un-
derstanding of the different ways in which the disease presents.

MATERIALS
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Excel, a program that allows users to create spreadsheets, was used to store 
citations and details about the articles (such as keywords) during the litera-
ture review. The articles were gathered from Pubmed and Google Scholar. 
Pubmed is a search engine maintained by the United States National Library 
of Medicine (NLM), and it allows users to search for papers from bibliographic 
databases like Medline. Google Scholar is a search engine that allows users to 
search for scholarly articles across many disciplines. Cascading Style Sheets 
(CSS), a web-based programming laguage, was used to create the style of the 
webpage, and was used to make the visualization more readable and appeal-
ing. In order to visualize the symptom clusters, a JavaScript library called Data 
Driven Documents (D3) was utilized. JavaScript, the language D3 is written 
in, is a programming language that is an important component of webpages 
and it allows programmers to make web-based content interactive. D3 is a li-
brary of Javascript that makes programming interactive content in Javascript 
more streamlined and easier. The study also made use of SVG (Scalable Vec-
tor Graphics) which is an image format that is optimal for interactive graphics. 
It allows for easy scaling of images and shapes.

METHODOLOGY CONCLUSION
First, a literature review is conducted in order to collect articles related to the 
symptoms of SLE. These articles contain heterogeneous data, which is data 
that is in multiple formats and must be standardized and formatted before it 
can be used effectively. The heterogeneous data will be turned into JavaScript 
Object Notation (JSON) format, which is the data format typically used in Ja-
vaScript. The JSON data will then be imported into the visualization.
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RESULTS

Nodes are created (circles and 
squares) and links between these 
nodes are created (lines). Gravity 
pulls into the center of the visual-
ization, exerting force on the nodes 
that draws them inwards.

A compare mode is added. JavaS-
cript’s built-in cosine and sine func-
tions are used to determine the lo-
cation of the symptom nodes. The 
links between nodes are made in-
visible unless hovered over.

When a user hovers over a node 
with their cursor, it highlights the 
link to all of the connected nodes 
in the original node color.

A venn diagram mode is added, so 
that users can potentially do things 
like compare two case studies and 
their previous misdiagnoses.

Visualizing symptom clusters is a very straightforward process when using 
D3 and JavaScript. It can be done by following a simple process of literature 
review, data formatting, and visualization. Web based languages like D3 and 
JavaScript allow for a large amount of customization and interactivity. Cus-
tomization allows for the visualization to be suited for the visualization of many 
types of data. Interactivity allows doctors, caregivers, and patients to explore 
the complex nature of SLE and its similarities with related diseases. The final 
result is a straightforward and customized visualization ready to receive data 
input from the literature review.

FUTURE WORK
Going forward, making a visualization that uses collected data from the litera-
ture rather than test data would be ideal now that a format for visualization has 
been established. Currently, the visualization’s connections between nodes are 
arbtitrary connections that come from the test data. Also, some user interface 
changes will most likely be made to make the instructions on how to use the 
visualization more clear to the user. Some features may be confusing to some 
and need clarification, like the venn diagram mode.
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