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The purpose of our project is to display a model of the spread of an infectious disease throughout the Commonwealth of Virginia. The user interface should encompass the ability to display what-if scenarios, adjust relevant parameters, and visualize resulting output. This report will further explain the background of the project, our implementation, and what our group has learned throughout this experience. 

We created a product to suit the needs of visualizing the given data and formula. It is provided in the form of a webpage or dashboard in order to display a graphical model about Chronic Wasting Disease (CWD). The results and predictions drawn from this information are shown on the dashboard in order to track and see the spread of CWD. The user or client is able to manipulate different sliders to see the kinds of data required. Using a model, the data will be manipulated using statistics on the data to output the correct information that is needed. 

The dashboard is hosted on an application called R-Shiny. The client, Professor Luis Escobar, requested we use R-Shiny as it was the most familiar for both parties. We created the dashboard using the model provided to us and data that was taken over the course of some period of time. The R-Shiny Dashboard is a way of creating and presenting the change in data through the sliders. With the statistical model we can see a lot of change. 














[bookmark: _heading=h.2et92p0]Introduction/Background

The need for this project stemmed from the infectious disease spread of Chronic Wasting Disease (CWD). CWD is a fatal disease affecting members of the deer family. The disease is extremely contagious because the prions spread through any direct or indirect contact. The prions also have the ability to remain in the surrounding area for long periods of time. Once CWD has entered a specific region, it becomes quick to spread, making it difficult to prevent spread once it has reached an area. Deer are greatly affected by CWD all over the United States and tracking the spread of this disease could give more insight into how to prevent further outbreaks. 

Previously, this project was completed using a dataset containing statistics for deer throughout the state of Virginia. This year, as an alternative to a dataset, a statistical model was created. The statistical formula takes into account variables such as birth rate, mortality rate, transmission rate, and many others. By studying the effect of change in the different parameters, our client hopes to see the change in susceptible deer versus infected deer populations. Additional information can also be gathered from this statistical model because there are many outcomes that result from even just a small change in the parameters. 

We created this project to visualize the spread of CWD throughout Virginia. 















[bookmark: _heading=h.tyjcwt]Requirements
[bookmark: _heading=h.3dy6vkm]Statistical Model

Since the main purpose of the project was to show output based on inputs in a predefined mathematical model, the client had only two requirements concerning the model:
1. Accurately represent the model as a plot
2. Pass in all input correctly and within the given defined ranged 

Originally, the team had planned to create a function for the model but the client provided this model as a predefined function midway through the design process. This allowed the team to focus on creating an accurate plot for the model rather than focusing on developing a working model function. The client also stated that they will provide predefined ranges for each parameter so that the model works as expected. The client requested that the predefined range be 50% above and below the defined parameter value. 

[bookmark: _heading=h.1t3h5sf]User Interface

Our client originally tasked us with 3 main UI requirements for this project. The requirements included:

1. Create a simple and easily understandable graph
2. Allow the user to adjust inputs via slider bars
3. Create the web app using the R language and R-Shiny library

With the assignment of these 3 requirements, the client has also suggested creating a heat map so that users could understand where in Virginia the infected deer were located. This was asked since the original data contained geographical information, but since that was not provided with the model the client opted to remove this from the requirements. Additionally, the client later asked the team to create a table which contained what parameters had been changed from their original state. This was agreed upon by the team and added to the existing requirements. 
[bookmark: _heading=h.4d34og8]Design

Prior to coding the application, the team created a rough outline of the user interface. This original design can be found listed as Figure 1. Some features of this original design include a heat map which displays the number of infected deer in each area and a column of input sliders.
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	Figure 1. Original Wireframe

This changed midway through the implementation due to the lack of geographical data, mentioned in the previous section. Following the revisions of the requirements, the team created a new wireframe for the application, shown in Figure 2.
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Figure 2. Wireframe

Some key components of the wireframe are adjustable sliders for user input and a table of changed parameters and their original values. By adding these into the app, this satisfies 2 of the 3 main UI requirements. Additionally, we aimed to create a graph which shows output for the most current parameters as well as the last created model. The graphs themselves would show the number of infected deer over a given number of days. We believed that this would be the simplest way to show users how the number of infected deer changes over a period of time given the specified parameters. 




[bookmark: _heading=h.2s8eyo1]

[bookmark: _heading=h.17dp8vu]Implementation

In order to begin the implementation of our project, we first had to thoroughly understand the statistical formula that we were given. Figure 3 shows the formula and variable definitions we were given. The statistical model is split up into three different formulas. The first formula represents the change in the number of susceptible deer over time. This acts as a measure of how many deer are likely to get infected with CWD. The second formula represents the change in the number of infected deer over time. This measurement allows us to see exactly how many deer currently are infected with CWD. The last formula represents the change in the mass of infectious material over time. This measurement is important because it can tell us exactly how much infectious material is present in the current environment and if it is increasing or decreasing. If the rate of infectious material is increasing in a given environment, then it is important to keep the number of susceptible deer low in that area. The CWD Model selected is explained in Miller et al. [3].
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Figure 3. Statistical Model

Each of these variable values can change depending on the environment and population of deer. However, there are fitted parameters available to give an accurate average value. The fitted parameters can be seen in Table 1. 
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Table 1. Fitted Parameters

The fitted parameters allow for researchers to have a starting point value to test how much CWD has affected deer in a specific environment. The researchers determine these values through other datasets and studies. Each of these variables’ values can be altered through the use of a slider on our application. As requested by the client, the range of values go 50% above and below the fitted parameter value. This application saves time for researchers because they do not need to manually calculate each formula output, but rather can simply move a slider when they want to see how a specific variable affects the output. 

After establishing the implementation of sliders, the client had also requested a visual graphic which would allow the users to easily see the change. Previously, the client had requested a heat map model showing where populations were most impacted throughout Virginia. However, it was not possible to do this because the statistical model does not take into account any longitude or latitude values. After studying this model, it became evident that the best way to visualize this data would be with a line graph. The x-axis would represent time and the y-axis would represent the number of infectious hosts. To maximize the use of the line graph, we decided to implement two lines on one graph which would represent the previous inputs and the current inputs. This implementation would make it easier for the user to compare two different inputs because it would not require them to keep going back and forth between graphs. 

After receiving some feedback, a good suggestion we heard would be to implement a table which would track each of the changes in parameters that the user makes while using the interface. The table is implemented right underneath the graph so the user can easily keep track of which graph corresponds to the input values. In Figure 4, the graph and table can be seen.  The graph and table are the main data visualizations provided to the user to allow them to track and see how a variable’s value change can impact the resulting output. 

To satisfy the third requirement from the client, we developed our web app using the R language. This would allow the client to make improvements and further adjustments to the app after having it handed over. The team did all development in RStudio and shared work using Github. In addition to R we used the R-Shiny library, as requested, in order to implement the main aspects of the dashboard. Marked as Figure 4 is an image of our current implementation for the app.
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Figure 4. Current Implementation

This application contains parameters which can be adjusted via slider or text input and changes are reflected in the resulting graph. The graph consists of a red line and blue line which indicate the current and one previous model, respectively. A legend is added above the table to allow users to easily see what line corresponds to which output. Below the graph is a table which contains inputs which have been changed from their starting value. The table lists the name of the parameter, the current value, the starting value, and the most recent value. Finally, next to the graph is a “reset” button; this allows the user to reset the graph to the starting state, i.e., resetting the inputs to their original values.
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Figure 5. About Page

In addition to the main page, the team also created an about page; this can be seen as Figure 5. Since the targeted users should already be familiar with CWD, there is a small “Background Information” section which just gives an overview of the project. Beneath is a section titled “How to Use this Web App” which gives the user some more information on the sliders, text boxes, table, graph, and reset button. Lastly, there is a section titled “Additional Resources” which contains a link to the VTechWorks page.












[bookmark: _heading=h.cvinurb3dq0]Testing/Evaluation/Assessment

After the completion of presentation 2, we began to test. The main objective of our tests was to ensure ease of use. This is because the targeted users were people with background information on CWD and this testing was set to be done by the client. The users we tested with consisted of friends and family. We gave them each a copy of an evaluation sheet, pictured as Figure 6.
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Figure 6. User Testing Evaluation

The evaluation started with two test runs where the user was asked to change the values of three specified parameters to a specific value. The user was then asked to observe what they saw and were prompted for their feedback. Next, the user was asked to change a Scaling Input and was again prompted for their observations and input. After that they were asked to reset all the values they had changed to the original values and were asked to find some information about the app. Finally, the user was asked to give their overall thoughts on the app and give a score on how difficult it was to use and navigate. We used a scoring system of one through ten with one being very easy and ten being very hard. 

Following the completion of the tests the team was able to discover some bugs which had not been previously found. The average score for ease of use and navigation was 2.3 indicating that the app was relatively easy to use.

In addition to user testing, we gave a demonstration to the client to hear general feedback and allow them to experience first-hand what we had created. After this demonstration, we briefly discussed further testing with the targeted group of users. The client stated that this testing would be done once the project was handed back. It was also stated that the developer of the mathematical model would also test the app separately to ensure that the model function we were given works properly.





















[bookmark: _heading=h.gpsnil5ytevm]User’s Manual

The user opens up the page to an interface with the sliders at default settings and a graph showing the resulting output for those default parameters. The table under the graph starts off as completely blank. The sliders are on the left-hand side of the page, so users can see more sliders as they scroll down on the page. There are also text boxes located under each of the sliders, so the user can choose to easily type in their desired input. Figure 7 shows the interface the users see when it is first opened up. 

[image: ]
Figure 7. Startup

The user can interact with the interface through the use of the sliders. The sliders can be easily dragged to the left or right to correspondingly increase and decrease the value of the parameter. Each slider has a defined minimum and maximum value which has been previously determined through research, so the user cannot go out of these bounds. The user also has the option to type their desired value in a box, but once again it will not take values outside of the given range. 

The visual representation is a line graph which shows the change in number of infectious hosts over time. There is a red line and a blue line which represent the previous results and the current results of the parameters, correspondingly. Once there is another change to a parameter, the graph automatically updates so that the new output is again visualized as a red line and the previous change is yet again shown as a blue line. This process continually happens as the user changes parameter values. The purpose of this functionality is to allow the user to compare two different graphs easily. 

Additionally, there is a table under the graph to make it easier for the user to track the changes in parameter values. The table is continually updated as each change is made. This allows users the accessibility to the history of the parameters. When a change is made, a row is added to the table. All of these elements work together to create an interface which can be used in many different ways. 



















[bookmark: _heading=h.jkrf8glxharl]Developer’s Manual
[bookmark: _heading=h.35nkun2]Development Process

The client requested the project be completed using R. The first steps we had to take was downloading RStudio to create an environment to work in [5]. We downloaded the R Package (R-4.1.1.pkg) from this link [6]: https://cran.r-project.org/bin/macosx/. Then, we downloaded the RStudio environment from this link [5]: https://www.rstudio.com/products/rstudio/download/#download. 

In order to start working on the code for the project, our client shared a Git repo with us. We used this as a starting point for the rest of our code. To start off we were given the user-defined function which encompassed the statistical formula that had been previously researched, seen as Figure 8.

[image: ]
Figure 8. Code for Model

The user defined function was a key piece because the output of the graph was dependent on what this function was able to calculate. Each of the variables on the right-hand side of the function are parameter values which can be changed, and which affect the output on the left-hand side of the function. The inputs for each of the variables on the right are obtained from the slider values. 

First, we added all the slider inputs that were possible by creating a sidebar panel and creating an individual slider input for each parameter. 
[image: ]
Figure 9. Code for Sliders

As seen in Figure 9, in order to create an instance of a slider bar, we must pass in various parameters to the sliderInput function. The input ID we kept as the variable name from the statistical formula. The label name was more descriptive so the user could understand what the parameter they were changing actually meant. The minimum and maximum values were set to be reasonable numbers, but more work could be done on this to determine the best maximum and minimum values. The value variable is what the slider is automatically set to when the user opens the interface for the first time. The step value is the increment the slider can be changed by for each individual parameter. For example, a step value of 1 means that as the user changes the position of the slider, the values will increase/decrease by 1 at each tick mark on the slider. Each of these different elements come together to create each individual slider. The values we defined for each slider are shown in Table 2.





	Label
	Input ID
	Min
	Value
	Max
	Step

	Transmission Rate
	beta
	0.001
	0.002
	0.0003
	0.0005

	CWD Mortality Rate
	mu
	1.3
	2.6
	4
	0.2

	Birth Rate
	alpha
	2.25
	4.5
	6.75
	0.25

	Natural Mortality Rate
	m
	0.05
	0.1
	0.15
	0.01

	Indirect Transmission
	gamma
	0.1
	0.21
	0.31
	0.01

	Rate of Infectious Material Excretion
	epsilon
	0.07
	0.15
	0.23
	0.01

	Environmental Infectious Material Loss Rate
	tau
	0.07
	0.14
	0.21
	0.01

	Time
	time
	1
	20
	50
	5

	Susceptible Deer
	S
	0
	1000
	2000
	50

	Infected Deer
	I
	0
	0
	2000
	50

	Mass of Infectious Material
	E
	0
	0.005
	1
	0.001


Table 2. Slider Parameter Values

While creating these sliders, it was important to keep the methodology in mind. We identified a key goal and established subgoals to satisfy and exceed the requirements. The key goal for this part was that users of our system should be able to adjust various well-defined parameters through the use of sliders. Some subgoals we had were to ensure the range of parameters values is accurate and that the sliders should be easily accessible. During the implementation of the sliders, we made sure to keep these goals in mind. 

A quick overview of the structure of our directory is: one main directory with helper documents; a directory with code and old documents from the Spring 2021 team labeled “DiseaseRepo”; and a directory with our main code file labeled “cwd_model”. The directory structure of the files necessary for this project can be found on our github https://github.com/castanedaM/DiseaseSpreadSimulator2#readme. All the code for this project we implemented is written in the app.R file in the cwd_model folder. The code is well-documented to allow any new developer to follow along in the development process. Any further changes such as updating values or creating new visualizations can be directly made in the app.R file. 
[bookmark: _heading=h.csosru4d8rl4]

[bookmark: _heading=h.tgxqwkhpwaiq]Lessons Learned
Timeline

At the beginning of the project the team created a timeline to follow in order to stay on track and deliver an exceptional finished product. The timeline is viewable as Figure 10.

[image: ]
				Figure 10. Project Timeline


The team was able to accurately follow this set timeline with a few minor adjustments. Upon realization that the team was not given enough data to implement the original UI, the team spent a few extra days discussing with the client and designing a new solution. This did not affect any other milestones listed in the timeline.



[bookmark: _heading=h.2jxsxqh]

[bookmark: _heading=h.1bh79x2gaj6h]Problems and Solutions

Over the course of the semester we ran into a few problems concerning the web app and have created a table to summarize what they were and how we attempted to solve them, as well as the result/solution. This table is viewable, listed as Table 3.

	Problem
	Action
	Result/Solution

	No geographical data to plot an accurate map
	Consult client to receive data or change proposed UI
	Changed UI from a map view to graphical view

	Unknown parameter ranges
	Ask client for the values of the ranges
	Added placeholder values until ranges are defined

	Difficulty testing for model accuracy
	Client provided accurate model function
	Testing changed to ensure values were accurately passed


Table 3. Problems and Solutions
[bookmark: _heading=h.z337ya]Future Work

This project is the second iteration of the project completed by a previous group in Spring 2021 [1]. Although this was a second iteration of the project, we essentially started from scratch. The first iteration’s model was based on a limited dataset. This year the client transitioned to a statistical approach by developing a formula which accounts for various parameters. We implemented the new model with a completely new R-Shiny Dashboard that was used to draw new conclusions. 

The future of this project could consist of using a map or tracking it on some form of display. The use of latitude and longitude would help a lot with tracking and getting more accurate results. This was not possible for our project because we did not have the data to do so. This could be one of the additions that could be added if there is a third iteration to this project. Anything else that could be added is for more accuracy. One additional part of the project that could be added is different states. For this project we were only supplied a model which worked accurately with Virginia. With data and time spent improving this model or developing a new one, this application could be used for a larger area.
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About

Background Information

This web application was developed in order to better understand the spread of the disease known as Chonic Wasting Disease (CWD). CWD is a fatal disease affecting members of the deer family. The disease is extremely contagious because the prions
spread through any direct or indirect contact. The prions also have the ability to remain in the surrounding area for long periods of time. Once CWD has entered a specific region, it becomes quick to spread making it difficult to prevent spread once it has
reached an area. Deer are greatly affected by CWD all over the United States and tracking the spread of this disease could give more insight into how to prevent further outbreaks.

How to Use this Web App

When first viewing the app, a user may notice a few things. First there are two columns containing mutable values. One (located on the far left) is labeled Parameters and contains all the variables which affect the final graph. The second (located on the far
right) is labeled as Scaling Inputs and contains values which affect the initial scale of the graph. A user can change any of these values; the graph will update in real time accordingly. In the middle of the page, there is the graph and table. As indicated above
the graph, the red line represents the current graph while the blue line represents the graph before the parameter was changed. Below the graph is the aforementioned table which lists the parameters that are different from the original, preset values.
These new values, along with the original values and most recent values, are viewable in the table. Lastly, there is a reset button located at the top left corner of the page. This button clears the table and sets all the Parameters/Scaling Values to their
original preset values.

Additonal Resources

For more information about this project please visit the following link
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# Model Specification (user defined function) ——————————————————
SIEmod <- function(times, State, Pars) {
with(as.list(c(State, Pars)), {
ds <- alpha - S x (beta * I + gamma * E + m)
dI <- S % (beta * I + gamma * E) - I * (m + mu)

dE <- epsilon * I - tau x E

return(list(c(dS, dI, dE)))
1)
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