Team #21

MODULE TITLE

Understanding disease and epidemics

PURPOSE

This module has multiple purposes.  The first is to provide a structure which allows students to understand how disease spreads and what are the factors which control the speed of spread.  The pattern of behavior and the basic model used transfer directly to the growth of political parties, the spread of rumors, fads, philosophies and styles, and to the marketing of a variety of goods.  Some of the activities will be structured to allow students to develop this transferability.  A second purpose is to understand the mechanics of epidemics.  Thirdly, the activities are designed (in the case of math classes) to explore the mathematics behind various forms of S-shaped growth.  Finally, it is anticipated that students will develop an understanding of the utility of computer modeling in exploring complex problems.

OBJECTIVES

Students will be able to:


identify key factors in determining the spread of disease.

describe the growth patterns of disease spread.

draw parallels between disease spread and other growth phenomena

describe quantitatively and/or qualitatively S-shaped growth

describe the parts of a STELLA model

use a STELLA model to conduct an inquiry activity

write an evaluation of a STELLA experiment

MODULE DESRIPTION

The Portland (Team 21) module will focus on diseases and epidemics.  It will include activities appropriate for mathematics classes at several levels, biology, health, history/social science, computer modeling, and environmental science classes.  All sequences of activities will have some common elements.  Each will begin with a simulation activity developed by Will Glass-Hussain while he was a graduate student at MIT known as the Epidemic or Nerd (New England Regional Disease) Game.  In this simulation a disease is transmitted through a class by a handshake.  The debrief of this activity  leads naturally into the development of a formal model.  We will develop appropriate models for this simulation and other activities in a variety of software packages.  All models will be developed in both STELLA and Excel.  The simpler models will also be developed in Mathematica and Maple.  Activities will include options in which students actually build the models and options in which students use pre-built models. (A sequence of models and the software used is included with this proposal).

Past use of the basic infection/disease model has shown that the most common student criticism of the model has been the fact that the model does not include recovery from the disease.  The SIR model (Susceptible->Infected​​->Recovered) model addresses this issue.  It not only presents a more realistic picture of disease spread, but allows exploration of what factors control the development of a disease into an epidemic.  It is anticipated that student activities will focus around understanding what allows epidemics to occur.  Further, the mathematics activities will include actual development of a mathematical expression for the criteria for epidemic development.

Exploration of the SIR model will include the role of vaccination in controlling disease and the role of natural immunity in preventing epidemics.  Activities for all disciplines will include some exploration of historical scenarios (largely drawn from William McNeill’s Plagues and People and the work done by Jeff Potash and John Heinbokel of the Center for System Dynamics at the Vermont Common School).  An optional extension will include use of conveyors instead of  standard stocks.

The SIR model will provide the core model for further development.  This will involve looking at diseases in which there is a non-symptomatic and non-contagious phase.  This model will also be explored in conjunction with varying vaccination and natural immunity.  The next extension will look at “virgin soil” scenarios in which lack of immunity in the affected population results in a higher mortality due to secondary effects.  This will require development of a “mortality” option in the recovery process for the basic SIR model.

ASSESSMENT TECHNIQUES

Assessment will focus on evaluating student understanding of the dynamics of the spread of epidemics.  Students, depending upon the level of model experience, will build models from scratch or modify existing models to incorporate scenarios developed from classroom discussion.  All students will be expected to manipulate and enhance models.  Some students will be required to build models from scratch.  An extension of these scenarios, for accelerated or interested students, will require that they find other, non-disease scenarios, to which the model dynamics could reasonably apply.  All students will be required to explain, in writing, an analysis of some aspect of the results of the model.  Some of these write-ups will be paragraph explanations, some write-ups will be 2-3 page explanations of the dynamics, while others will take the form of full technical papers (5 – 10 pages in length) where students explain the design of the model they constructed and explain the dynamics demonstrated by multiple executions involving parameter manipulation.  Some students will be encouraged and expected to present to other students and/or adults.  This presentation may take the form of poster presentations and/or technology based presentations.  Better student work will be displayed on the Wilson High School web page.

Students will also be involved in assessment and development of the materials.  Both first and second year system dynamics/computer modeling will be involved in testing and developing materials.  All materials will be tested in classes prior to the Summer Institute.

REQUIREMENTS

Construction of models – STELLA by January 15, 2002 – Excel by January 15, 2002 –Mathematica by Feb 15, 2002 – Maple by Feb 15, 2002

Parallel development of curriculum in at least one area – full development in all areas by June 1

Student (First and Second Year modeling students) review of models in STELLA – ongoing

Materials tested in a variety of classes – from completion of each model  to end of school year.

RELEVANT COURSES

Biology

AP Biology

Environmental Science

Algebra II

Pre-Calculus

Calculus

Health

Global Studies

US History

World History

RELEVANT GRADES

9-12

