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Lesson Summary: 
Students will take part in a hands-on activity designed to teach them about disease transmission. By the end of the activity, the students will understand how diseases can be transmitted and will be able to see firsthand the transmission of an “infectious agent” through a population. 

Subject: Science: Science as Inquiry, History and Nature of Science.

Grade Level: 

Target Grade: 7
Upper Bound: 8 

Lower Bound: 6
Time Required: Two class periods.
Materials:
· NaHCO3 solution (baking powder dissolved in water)
· Distilled H2O
· Cup for each student

· Phenolphthalein solution (can be purchased at any scientific supply company). Substitution:  Water from boiled red cabbage
· pipette/eye dropper
Lesson Plan: 
· Each student will need a numbered cup.  Fill all the cups but one half full of distilled water.  Mix a saturated solution of baking soda and water by adding baking soda to the water, then stirring or shaking vigorously, and repeat until no more baking soda will dissolve into the solution. Put the NaHCO3 solution into the final cup to the same level as the other cups. (Be sure to note beforehand which cup has the baking soda solution.  If you teach multiple classes, be sure to use a different number for each class!)
· Give each student a cup.  One student will receive the cup with the “infected” solution – you should know which one this is, but they should not. 
· Tell the students that they will have three minutes to “visit” with other students.  Each ‘visit’ will have two steps: One, tell each other your names. (‘Hi, I’m Zach.’) Two, share liquids. To share liquids, one of you will pour all of your liquid into the other’s cup.  Then pour half of the liquid from the filled cup back into the first cup.  Point out that this is a model for how infectious agents (bacteria or viruses) can spread – “sharing” the water could represent direct contact, touching something an infected person has touched, transfer of bodily fluids, etc.)

· Tell them that they must then visit with another student, following the same procedure.  

· Tell them they will have three minutes to visit with up to five students. 

· At the end of three minutes, assemble the students in a line.  Tell them that at the start of the exercise, all students except one had cups filled with water only.  One student, however, had a cup filled with a saturated solution of baking soda.  This cup represented the person who was infected.  Also tell them that baking soda is a base.  (You may need to clarify or at least ask to be sure they understand the basic concept of acids and bases.)  

· Now tell them (and show them) that you have an indicator solution, phenolphthalein.  Ask if anyone knows what an indicator solution does.  (It changes color to indicate whether something is an acid or a base.)  Tell them that phenolphthalein (or cabbage water, if used) acts as an indicator for bases.  In an acid solution or a neutral solution it is colorless. (Show students the bottle.)  But in the presence of a base it turns pink.  

· Go down the line and put a few drops of phenolphthalein into each student’s cup.  If the student is “infected” (i.e. if the content of his or her cup turns pink) have the student move to a designated part of the room. 

· Once everyone has been tested, write on the board the number of “infected” people. (Dispose of cups and liquids before going any further.)
· Ask students to discuss with their partner or group why this type of disease transmission is more of a problem today than it was in the past.  You may need to prompt them and ask if they remember hearing about the Severe Acute Respiratory Syndrome (SARS) virus and the fear of an infected person getting on an air plane in one place (Hong Kong, for example) and flying to another place (New York City).  Discuss how people today are more mobile and come into contact with many people in a single day.


Assessment: 

Discuss some things with the students to make sure they understood the activity:

1. Begin by going over the numbers – total number of students, number of infected students at the start, total number now infected.  

2. Discuss how this model accurately reflects many real-world situations.  (Transmission of bodily fluids, coughing and sneezing, AIDS, etc.)
3. Discuss how this model differs from some real-world situations. (If you get a cold, does everyone in your family also get a cold every time?  Why not?)
4. Point out how this kind of disease transmission is much more of a problem in species where you have a large number of animals in a given area, like a bat cave, or squirrels in a forest or wolves in a pack.  For example, rabies is rare in bears because they are such solitary animals.
5. Have the students discuss how this type of transmission could be prevented, and how genetics is involved.  Also ask them what happens to one’s overall health when a person is exposed to some kind of disease.  Does being less healthy before exposure have anything to do with how your body deals with the disease?
Lesson Extensions: 
· The disease transmission activity can model the transmission of a vector-borne disease more specifically by assigning the role of “vectors” (here in the form of mosquitoes) to some of the students in the class.  What follows is a plan for demonstrating the power of scientific modeling in the transmission of a vector-borne disease.  The spreadsheets involved should accurately predict the extent of the spread of the “disease” through the class population in a controlled experiment, and can demonstrate that models can be used to create hypotheses that can then be tested.

· Additional materials needed: Syringes (one for each mosquito) with NO needles.
· Fill all cups with distilled water.  It is recommended that somewhere between 70-80% of your students represent people, but you can experiment with different set-ups as you like. Determine how many of the mosquitoes will be infected.  Fill the uninfected mosquitoes’ syringes with distilled water and the infected mosquitoes’ syringes with the NaHCO3 solution.
· Have each student representing a person hold one of the cups of distilled water, and bring the “mosquitoes” to the front of the room.

· Explain that ___ mosquitoes, some carrying yellow fever, have just entered the classroom.

· Identify the “mosquitoes” with name tags, stickers, hats, or some sort of costume, and explain how the mosquitoes bite people:  A “mosquito” bites a person by dumping the contents of its syringe into the contents of the person’s cup and then refills its syringe from the cup.

· Have each “mosquito” bite four people.

· Test to see who is now infected by putting a few drops of phenolphthalein (or cabbage water) into each cup.  Ask the students why we did not test to see which mosquitoes are infected (the correct answer is because there is no easy way to see if a mosquito is carrying yellow fever, since they do not show symptoms like people).

· Record the number of infected people.

· Add your starting numbers to the Disease Transmission Spreadsheet and see if the model accurately predicts the number of students who would be infected.  Discuss the results.

· Test to see which mosquitoes are infected and see if the results match the model.

· Discuss the assumptions of the model and how valid each assumption is.  Assumptions of the model include:
· All mosquitoes bite at the same rate.
· Anyone who is bitten by an infected mosquito becomes infected.
· No one in the experiment dies from yellow fever.
· Discuss whether the model is applicable to real life and how it could be tested in real life.

Background for Teachers on Extension Model:
The model designed to simulate the transmission of yellow fever is based on probability.  The number of infected people after a round of bites is given by:

                (B) (Y – A) / Y + A

where

A = number of infected people

B = number of infected mosquitoes

Y = total number of people

Z = total number of mosquitoes

Basically, this is the most probable number of new infections added to the previous infections.  The number of mosquitoes that are carrying yellow fever after a round of bites is given by:

                     (A / Y) (Z - B) + B
TEKS:
Science:

7.2 (A) Plan and implement investigative procedures

7.2 (B) Collect data by observing and measuring

7.2 (C) Organize, analyze, make inferences, and predict trends from evidence

7.2 (D) Communicate valid conclusions

7.2 (E) Construct visual aids using tools including computers to analyze data

7.3 (A) Analyze, review, and critique explanations

7.3 (C) Represent the natural world using models and identify their limitations

7.7 (A) Identify and demonstrate everyday examples of chemical phenomena
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