Apprentice Epidemic Modeling Activity

As you have seen in the Saturday workshops there are many factors that influence the spread of a disease; the mechanism of transmission, the number of interactions between healthy people and sick people or carriers, how quickly people recover, … . Efforts to limit disease spread generally try to either limit interactions that could lead to transmission, or to limit the chance of transmission when interactions occur.

You have seen how to construct a model using AgentSheets based on the simple rules:

· Sometimes, when a healthy person is near a sick person the healthy person becomes sick

· Eventually sick people recover

You have also seen how to set-up an equation-based model of epidemic spread using Excel based on the equation:


HAVE = HAD + CHANGE

We created our model by using this equation for each of the quantities:

· S = number of healthy or Susceptible people

· I = number of Infected or Infectious people

· R = number of Recovered people

The challenging part was to figure out an equation to calculate the change for each quantity, and then calculate the change in the quantity that occurs during a time-step, then repeating this calculation with the updated quantity, and repeating these calculations through the total time to be simulated. The equations that we came up with are:

· St+1 = St – (fi * (St*It))

· It+1 = It + (fi * (St*It)) – (fr * It)

· Rt+1 = Rt + (fr * It)

Where

· fi is the fraction of the possible interactions between healthy and sick people that result in infection

· (St * It) is the number of possible interactions between healthy and sick people

· fr is the fraction of sick people that become recovered 

The Excel file that was attached to the e-mail containing this assignment includes data exported from our AgentSheets simulation under the default conditions except with one change.

· Worksheet = medium

· Infection_chance = 50

· Recovery_chance = 10

· Move_step_num = 200

Your assignemt:

1. Using the slider bars adjust the parameters in the Excel model so that the smooth curves of the Excel model come as close as possible to matching the data from the AgentSheets model, and record the values for the Excel model parameters. Do the values match the corresponding values in the AgentSheets model? Why?

ANSWER: Infection chance = 21

Recovery chance = 11

They don’t match completely, but they are very close. This is probably because though it is a model of the AgentSheets model, it’s not exactly the same, and neither are the parameters. 

2. In the last Saturday session we discussed adding another parameter to the formula to calculate the number of infections that occur that represents the fraction of possible interactions that actually occur. In AgentSheets this quantity isn’t calculated, but results from the limited movements of the agents on each time step, with the result that only a fraction of the possible interactions that could occur, do.  

I want you to complete the process of adding this parameter to the Excel model, which will include naming a cell, and using a slider bar to adjust the value of the parameter. Adding this parameter will allow you to treat the infect_rate parameter in the Excel model more like the infect_chance parameter in the AgentSheets model, which means you will need to change the formula that calculates the parameter from the cell next to it that is being controlled by the slider bar (=H22/100, ought to work since this converts it to the decimal fraction version of a percentage, I would also suggest using the denominator that had been in this formula in the new formula for calculating the interact_rate parameter from the value controlled by a slider). 

Once you have incorporated the interact_rate parameter, set the parameters to match those of the AgentSheets simulation and then try to estimate what the experimental interaction rate was in the AgentSheets model. 

ANSWER: My excel model led me to believe that the interaction rate was very small, somewhere around 8%, when the Infection Chance was 50% and the Recovery Rate was 10%.

