Overview for the Teacher

Many students know that sexual transmitted diseases are a reality for today’s population.  This module seeks to show students how models such as social contact networks can be used to calculate the risk of disease transmission.  It also shows students how repeated exposure to a person with disease increases the probability of transmission.  Students will see how having certain STIs will increase the chances of disease spread. Lastly students will learn how the interface of biology and math is used to predict disease transmission.

Target Audience-  9th or 10th grade math and/or biology classes.  This module could be implemented during a probability unit in math, during a discussion of the immune system, reproduction, or reproductive health in biology.

Prerequrest Knowledge Required- 

Math-

Understanding of decimals, fractions, and percents

Beginning Algebra 1 Skills, solving for variables.

Biology-

Basic understanding of disease and viruses

Basic understanding of different ways diseases can be transmitted

Length- 4-45 min. class periods

Materials Needed- calculators, student workbook (provided), over head projector, black line masters (provided), computers with internet access (not required but can be used for students to do further research)

Topics Covered- disease transmission, probability, modeling

Objective 1:  Students will understand that mathematical formulations can be used to assess and predict biological disease transmission.

Objective 2:  Students will be able to derive the formula for and calculate the probability of disease transmissions.

Objective 3:  Students will be able to model and analyze contact networks in multiple forms to compare them for efficiency.

Object 4:  Students will be able to mathematically show how different risk factors affect the rate of disease transmission.

Objective 5: Students will be able to show how probability of disease transmission varies with different structures of a contact network.

Objective 6:  Students will understand that biologists and mathematicians must work together in order to study biology phenomena.

Timeline:

	Day
	Topic
	Materials
	Homework

	1


	Introduction to HIV

Infectivity Rates

Calculating the probability of disease transmission from sexual encounter with an infected individual.


	Student workbook

calculators
	

	2
	Partner Pairing

Drawing and Analyzing a Sexual Network Diagram

Making a Temporal Interaction Diagram


	Student Workbook

Blackline Masters 1-4

Overhead Projector
	

	3
	Calculating the probability of disease transmission based on temporal interaction diagrams.

Counting the number of people in one’s sexual contact network.
	Student Workbook

Calculator

Overhead Projector
	

	4
	Assessment
	Student Workbook

Calculator

Overhead projector (optional)
	


Glossary

Infection rate- the probability that a person who is infected with a disease will pass the disease on to an uninfected partner during a defined type of contact.  For example, the probability that someone who is HIV + will transmit the infection to someone who is HIV – during one act of sexual intercourse.

Probability- the chances that a particular event will happen.  It can be written as a precent such as there is a 70% chance of rain, or as a decimal, there is a 0.70 chance of rain.

STI- Sexually Transmitted Infection. An infection caused through sexual contact.  The infection can be viral, bacterial, fungal, or parasitic.

Transmission- the process of a disease being passed from one organism to another.

Day 1: Teacher Edition and Key

Have students compete the pre-test provided before beginning the lesson. There are three open response questions.

After completing your pre-test, answer the following questions:

1. What is a Sexually Transmitted Infection (STI?)

A STI is an infection that is transmitted through sexual contact.  This can include vaginal, anal, and oral sexual contacts. 

** In this module only heterosexual vaginal intercourse will be addressed for reasons of simplicity in mathematical calculations. 

2. List two types of pathogens that can cause an STI?

There are three possible answers for this question. They are bacteria, parasites, and viruses. 

***This module will only focus on viral and bacterial infections. Some background information on bacteria and viruses would be helpful although not necessary. At the most basic level students should know that bacterial infections like Chlamydia can be cured with antibiotics and a viral infection cannot.  Some viral infections go away on their own, and some such as HIV are incurable. 

3. What is the method of transmission for an STI (how do you catch an STI?)

Through direct sexual contact with an infected partner. This can include vaginal and/or anal intercourse, and oral sex. 

4. How do you reduce or eliminate your risk of contracting an STI?

The only way to eliminate your risk of contracting an STI is to remain abstinent. To reduce your risk of contracting an STI the use of barrier methods such as condoms can drastically reduce your probabilities of contracting an STI. It should be noted however that there are some STIs, such as HPV, where condom use has not conclusively demonstrated reducing the risk of transmission.  

Calculating Probabilities of Infection

Teacher Note: The following activity does not answer the same questions asked in the pre-test. This activity is designed to allow students to calculate probabilities of infection “per contact.” Per contact is defined as one act of heterosexual vaginal intercourse for HIV and Chlamydia and one…….. for strep throat.

Complete the following activity:

[image: image7.wmf]1.  If you roll a die one time, what is the probability of rolling a six?

a) as a decimal .17

b) as a percent 17%

c) as a fraction 1/6

2.  If you roll two dice, what is the probability that either the first or second  die show a six?

d) as a decimal  0.31

e) as a percent 31%

                      f)    as a fraction 11/36

                     3. If you roll two dice, what is the probability that the first die and the second die show a six?

                                            g)    as a decimal 0.03

                                            h)    as a percent 3%

                                            i)     as a fraction 1/36

In example 2, the calculation involves finding the complement of the event in question. Since there are many ways to roll one six, it is easier to calculate the probability of not rolling a six on either roll and then subtracting this complement probability from one.  “Or” is the key word that indicates this complement approach. In example 3 the rolls are independent events. In this case the “and” indicates the independent events and the probabilities are multiplied. 

Above is an example of the way we will be calculating the risk of infection for HIV, Chlamydia, and Strep Throat. For each additional exposure to these three infections, an individual has a higher chance of contracting the illness.  Strep Throat is NOT a STI, but is being used as a comparison since more students will be aware of individuals who have contracted strep throat 

Data

HIV: probability of transmission per act of unprotected sex with an infected partner: 0.001

HIV: probability of transmission per act of unprotected sex with an infected partner who has genital ulcers from another infection: 0.004

Teacher note: 0.001 is the average probability of infection per contact. The reality is much more complicated. When an HIV + individual has a very high viral load they are more likely to infect their partner. When an HIV+ individual has another STD such as herpes with genital ulcers, the rate rises to 0.004. 

Chlamydia: probability of transmission per act of unprotected sex with an infected partner: 0.35

Teacher note: Students may be surprised that the rate for Chlamydia infection is more than 30 times higher than HIV transmission.  It might be worthwhile to point out that the consequences of these two diseases are very different. Chlamydia is a curable bacterial infection, where HIV is an incurable viral disease that can lead to death.

Strep Throat: probability of transmission per contact with infected saliva or nasal secretions. 

Calculations


        1.   What are an individual’s chances of becoming infected with HIV if he/she has 

                             unprotected sex once with an infected partner? 

a. as a decimal  0.001

b. as a percent 0.1%

c. as a fraction 1/1000

2. What are an individual’s chances of becoming infected with HIV if he/she has unprotected sex once with an infected partner who has genital ulcers? 

a.  as a decimal  0.004

b. as a percent 0.4%

c. as a fraction 4/1000 or 1/250

3. What are an individual’s chances of becoming infected with HIV if he/she has unprotected sex three times with an infected partner?

a. as a decimal  1-P {chance not infected} 1- (0.999) x (0.999) x (0.999) = 0.003 Another way to write this that will be useful for future calculations is 1- (0.999)3
b. as a percent  0.3 %

c. as a fraction 3/1000

4. An individual’s long term partner is HIV positive. What are an his/her chances of becoming infected with HIV if he/she has unprotected sex twice a week for one year? 

a. as a decimal  1-P {chance not infected} 1-(.999)104  [104 is 2 x per week x 52 weeks in one year]  = 0.099

b. as a percent 9.9%

c. as a fraction 99/1000

5. What are an individual’s chances of becoming infected with Chlamydia if he/she has unprotected sex once with an infected partner? 

a.  as a decimal  0.33

b. as a percent  33%

c. as a fraction 33/100

6. What are an individual’s chances of becoming infected with Chlamydia if he/she has unprotected sex three times with an infected partner? 

a.  as a decimal  1- (0.65)3=0.725

b. as a percent 72%

c. as a fraction 18/25

7. What are an individual’s chances of becoming infected with Chlamydia if he/she has unprotected sex ten times with an infected partner? 

a.  as a decimal  1- (0.65)10=0.987

b. as a percent 99%

c. as a fraction 99/100

8. What are an individual’s chances of becoming infected with Strep Throat if he/she comes into contact with infected saliva or nasal mucous once?

a. as a decimal  

b. as a percent 

c. as a fraction 

9. What are an individual’s chances of becoming infected with Strep Throat if he/she comes into contact with infected saliva or nasal mucous five times?

d. as a decimal  

e. as a percent 

f. as a fraction           


        10. What surprises you about these results? Can you explain why?

Many students will be surprised at the perceived low transmission rates of HIV,  especially compared to Chlamydia.  

Homework: Read the HIV and Chlamydia fact sheets provided. 

CDC Chlamydia Fact Sheet available at: http://www.cdc.gov/std/chlamydia/STDFact-Chlamydia.htm
AIDS fact sheet from howstuffworks.com: http://health.howstuffworks.com/define-aids.htm/printable
There are many HIV fact sheets available on the CDC website that are longer and more in depth. These include fact sheets concerning  Native American, African American, Hispanic, and homosexual communities. There is also a fact sheet on young people from ages 13-24 and AIDS. 

Teacher Sheets Day #2  Designing Temporal Interaction Diagrams for the purpose of mathematical analysis.

Teacher Material

Summary:  On this day we will teach the students how to graphically represent data using temporal interaction diagrams and social interaction networks.  The diagrams will show different pathways that disease can be transmitted to individuals.  On the following day of this module, students will use this diagram to calculate the probabilities of not getting the disease.

Teacher’s Notes

Part 1--  Assign three students to read the parts of Characters 1- 3.  Have the class follow along with the reading as the three students read aloud.  You may project the story as Blackline Master #1.  Ask the students what questions they have after reading the story.  You will then use the reading to complete Blackline Master #2.  

Part 2:  Have the students work either individually or in groups to fill in which pairs of students had sex during the different months.  When the students are finished, review the worksheet as a class to make sure the students have correctly filled in the table.  The filled in worksheet is shown below.  You may use Blackline Master #2 on the overhead which is a copy of the chart the students have in their workbook.

January- Hanna and Amir 

February- Darrell and Sarah  

March- Christopher and Melissa

April- Darrell and Hanna 

May- Amir and Hanna

June- Darrell and Melissa 

July- Christopher and Dominique 

August- Ty and Melissa 

 Justin and Ester 

September- Justin and Ester (1 and 4)

October- Justin and Ester (1 and 4)


    Ty and Angela (3 and 12)
Part 3- Students will make a graphical representation of the data from the story to visualize the different pathways that the disease can be transmitted.  Students will be completing the network diagram in their workbooks.  Here you will connect the different sexual pairs with lines between the pair and the month listed above the connecting line.  This graph will be completed together as a class using Blackline Master #3 on the overhead projector.  The students can follow along and fill in their own worksheets. The completed graph is shown on the next page.  In this graph it is not necessary to use arrows because we are just connecting pairs and not tracing paths.
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Ask students “What can you learn from your data using this diagram that you could not see before by just listing the pairs?”

What we have created is a sexual contact network.  This network shows us all the different connections between partners and the different pathways through which an STI can travel.  Use different color markers on the overhead to trace the different pathways that a sexual transmitted infection can be transmitted to Angela.  If anyone along that pathway had an STI then it is possible that the infection can be transmitted to Angela.

There are two different pathways that the disease can follow to get to Angela.  Remember when tracing paths, you can only follow a line if it occurred during earlier months.

Have the students help you trace the two different pathways from which Angela can catch an STI.  The two different pathways to Angela are shown below, one in red on the first diagram and the other in blue on the second diagram.  We use arrows when tracing the paths because in this case we are tracing a sequence of events.
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Explain to the students that although Angela only had one partner she is at risk from many different people found along the two different pathways.

Ask the students, “Although Angela only had one partner there are several people whom if infected could put her at risk.  Can you list three of those people?”

Part Four:

Ask the students if there are other ways that we can represent the data?  

Explain to the students that we are going to make a new type of graph that we can use to help us calculate the probability that a person will not be infected with a disease if someone else in the diagram has the disease.  (Note: We are using the probability that they will not be infected because there are only two ways in which a sexually active person can remain uninfected with a disease where there are many ways that a sexually active person can become infected.  It is easier to mathematically calculate it this way.)

In order to do this we are going to make a temporal interaction diagram.  The diagram is another way to show the patterns of sexual interaction among the students.  

Ask the students “If we are tracking the pathway of sexually transmitted diseases why do we need to include time on a graph?”

(We are including time because we are tracing past history.  We need to follow the encounters in the order they occurred so we can trace the number of people in someone’s history.)

Project Blackline Master #4 and have the students follow along in their workbooks.  The chart we are filling out has one column for each person in our story plus one for labeling.  The months are listed down the side of the chart.  You may begin completing the chart together and continue filling it out as a class or have the students complete the end of the chart on their own or in their groups.

Have your completed Blackline Master #2 readily available to easily view the different pairings.  To model an encounter put a dot under the names of each member of the pair who had sex during that month.  Connect the dots with a line.  January is shown below.  Do that for each pair that had sex that month.  Then move to the next month.  Continue filling out the chart until it is complete.

Here is a sample of what January would look like.  During Jan. only Hannah and Amir had an encounter so there is one line connecting them both.

	Month

January


	Justin
	Sarah
	Ty
	Ester
	Chris
	Hanna
	Miguel
	Domin-

ique
	Darrell
	Melissa
	Amir
	Angela


Teacher’s version of what completed graph should look like

	Month

January

February

March

April

May

June

July

August

September

October


	Justin
	Sarah
	Ty
	Ester
	Chris
	Hanna
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Homework for Day #3

	Month

January

February

March

April

May

June

July

August

September

October


	Justin
	Sarah
	Ty
	Ester
	Chris
	Hanna
	Miguel
	Domin-

ique
	Darrell
	Melllissa
	Amir
	Angela


Questions:

1. If Hanna is infected with HIV what is the probability that Dominique is not infected?

2. If Hanna is infected what is the probability that Amir is infected in 

June-

July-

August-

3. If Melissa is infected what is the probability that Dominique is not infected?

4. If Angela is infected in March, what is the probability that Ester is not infected?

5. If Ty is infected in March what is the probability that Angela is not infected?

6. The infection does not seem to spread through this tree,  What are the key differences between this tree and the previous tree?

7. Who has the most partners based on the above graph?

8. Who only has one partner based on the above graph?

9. Although the infectivity rate for HIV is so small, why are the numbers of people who become infected with HIV so large?

Homework for Day #2

1. Draw a Temporal Interaction Diagram for the scenario below of sexual partners.

January-

Pam and Matt

February-

Pam and Matt

Mark and Crystal

March-

Evan and Rachael

Mark and Pam

April –

Mark and Rachael

Sarah and Steve

2. Create a network diagram below based on the data in question #1

Matt




Pam

Mark 




Crystal

Evan




Rachael

Steve 




Sarah

3. For question #2 trace the different paths through which Rachael can be infected with an STI.

4. How many different partners did each of the following have?

Matt-

Pam-

Mark-

Crystal-

Evan-

Rachael-

Steve-

Sarah-

Use the internet to look up the following research questions?

5. How many people are currently infected with HIV/AIDS in the US?

6. How many new infections of HIV/AIDS occurred in the US for 2005?  (If you can not find data for 2005 please find the most recent data.)

7. How many new infections of Chlamydia occurred in the US in 2005?

Day #3   Tracking Paths and Probability through the Interaction Diagram

Lesson Summary: Present how an infection could pass through the diagram. Introduce a formula for computing the probability that an individual remains uninfected. Compare and contrast the two graphing techniques (the contact network and the interaction diagram) to decide the strengths of each graph. This comparison will also suggest key graph features that affect the probability of infection spread (such as star nodes and history).

Teachers Notes: “Bottom up” or “top down” refers to the starting position on the graph. For instance, bottom up means that one begins with the bottom-most connection and moves up through the diagram. Next, students compute the probability to remain uninfected, rather than the probability of being infected, because this probability is simpler to calculate. Imagine: there are many paths and associated probabilities for infection (number of previous encounters, how long ago these encounters occurred, the history of each of these encounter partners); however, there are only two ways for an active person to remain uninfected (see Part II).

Part I  Paths and History

First introduce the ideas of “path” and “history” through the diagram created in class yesterday. Lead a class example using the Darrell and Melissa pair from June. Starting with Melissa, follow the column up until one finds the node in March. This node connects to Chris. Following the column up from Chris one finds no new nodes. Thus, this path includes one person (make sure that you don’t count Melissa in her own history!). However, Melissa’s history also depends upon the past of her current partner Darrell. Tracing up from Darrell one encounters two paths: one path includes one person, Hanna, and the other path also includes one person, Sarah. Thus, there are two people in Darrell’s past, and four overall people in Melissa’s history (Darrell, Amir, Hanna, and Chris). 

Ask the class to find the number of people in Angela’s history. This task includes finding the number of paths from each current partner, and the number of people included in each path. Be wary against students counting nodes twice as they track back through the diagram and also forgetting to include her current partner, Ty, in her history number. 

Part II  Probability of Infection

What if Hanna had an STI at the top of the diagram? How would her infection affect the other people in the network? To answer these questions we’ll derive a formula to calculate the probability that a person is not infected and move top down, calculating probabilities as we go. 

The formula  There are two ways for a sexually active person to remain uninfected: first, s/he is uninfected with probability p and his or her partner is uninfected with probability q; and second, s/he is uninfected with probability p and his or her partner is infected with probability 1-q, but the partner does not transmit the disease. Let’s call this rate of not transmitting the disease r. Note that one needs to take the rate of transmission and subtract it from one. For example, the rate of HIV transmission is .001. Thus the rate of not transmitting the infection is 1-.001=.999)

                  
[image: image5]     

Thus, his or her probability of not becoming infected has two terms. From the first possibility his or her probability of remaining uninfected is p*q and from the second possibility his or her probability is p*(1-q)*r. Thus, his or her total probability of remaining uninfected after an encounter is p*q + p*(1-q)*r.

P[not infected after encounter] = p*q + p*(1-q)*r
Manipulating this formula, we can see that: 

P[not infected after encounter] = p[q + (1-q)*r] = p[q + r - q*r] = p[q(1-r) + r]  

This final formula can be used when calculating probabilities in the diagram (Part III). It is simpler to apply when one has an r value. 

Part III  Putting the Formula to Work

The formula works top down, in that we need a person’s previous probability to compute his/her new probability. For an example, let’s use the same diagram and assume that Hanna is the only person infected with Chlamydia. This means that her probability of not having the disease is zero; while all the other individuals originally have a probability of 1 (they are 100% likely to not have the infection). Write these numbers into the top of the columns. Now move down to the first data points: Amir and Hanna have a sexual encounter in January. Apply the formula. For Hanna p=0, q=1, and r=0.65 (note that p is her previous probability and q is her partner’s previous probability). Thus, Hanna’s probability of being not infected after her encounter remains zero. This makes sense! Once she has the disease, she keeps it. For Amir, p=1, q=0, and r=0.65 (note that now p is Amir’s previous probability and q is his partner’s). Thus, Amir’s probability is 0.666. Here is an example of what January would look like. During January only Hanna and Amir had a sexual encounter so there is an edge connecting them.

	Month

Jan


	Justin

1
	Sarah

1
	Ty

1
	Ester

1
	Chris

1
	Hanna

0

 0 
	Miguel

1
	Domin-

ique

1
	Darrell

1
	Melissa

1
	Amir

1

0.65
	Angela

1


Looking at the next data points, Sarah and Darrell in February, one can again apply the formula, or one can recognize that neither partner is infected, thus their probability of not being infected will remain 1. Same for the next data points in March. In April, we have a little more complexity when Hanna and Darrell have an encounter. Both partners have shown up before, thus we want to use their previous probabilities. Hanna again funnels down as a zero, but now for Darrell p=0.65, q=0, and r=0.65.  These terms give his probability to be 0.4225. Remember that there is a switch occurring. p always corresponds to the person that you are trying to calculate, while q always corresponds to the partner.

The rest of the chart can be filled in by the students.

Teacher’s version of computed probabilities: 

	Month

January

February

March

April

May

June

July

August

September

October


	Justin

1

  1


1


 1



	Sarah

1

   1


	Ty

1

0.9571


0.9571
	Ester

1

        1

        1

       1


	Chris

1

1



	Hanna

0

   0

   0
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	Miguel

1
	Domin-

ique

1

     1


	Darrell

1

     1

0.65

0.65



	Melissa

1

   1

0.8775

0.8775


	Amir

1

0.65

0.4225
	An-gela

1

0.9850




Day #4 Assessment   Student Workbook

Instructions:  You will be working in pairs to complete this activity.  One person will stand while the other remains seated.  Write the names of all the standing students in two columns in the space below.  We are going to create a network diagram.  To begin, one of the students who is standing should shake hands with another student who is standing.  This will be our first connection in our network graph.  The students who are sitting should draw the connection in the diagram and label the line as #1.  Next, another two people should shake hands.  You may shake hands with someone who has already shaken hands.  This should continue until all standing members have shaken hands with a least one other student.

1.  In the space below create a network diagram of the handshake patterns.

You have learned that a new disease called studentitis has been spreading around the high school.  It is transmitted through handshakes and has an infection rate of 0.08

2.  Outline at least one complete pathway in the network diagram that studentitis could have been transmitted to you.

3.  In the space below make a temporal interaction diagram of the different handshakes.

4.  List all the different people who if infected could have passed on studentitis to you.

5.  What is your probability of being infected with studentitis?

6.  Which group has the highest probability of becoming infected with studentitis if 

____________________ is infected with studentitis?

7.  Choose two other people in the interaction diagram and calculate their probability of

 becoming infected with studentitis if _________________________ is infected.

Teacher’s Guide

Day #4 Assessment   

Students will perform an activity where they model disease transmission of studentitis through handshakes.  Studentitis has an infection rate of 0.08.  Students will complete a network diagram and a temporal interaction diagram based on the activity.  They will use the diagrams to test their knowledge on calculating probability.

Students will begin the activity in pairs.  One of the partners will be involved in the simulation while another will make the network diagram.  You may wish to make a copy of the class diagram on the overhead projector.  This will ensure that all students will have the same original diagram to work with and will aid in grading.  Once this diagram is complete you can have the students continue the assessment in pairs or work individually.

Student Instructions:  You will be working in pairs to complete this activity.  One person will stand while the other remains seated.  Write the names of all the standing students in two columns in the space below.  We are going to create a network diagram.  To begin, one of the students who is standing should shake hands with another student who is standing.  This will be our first connection in our network graph.  The students who are sitting should draw the connection in the diagram and label the line as #1.  Next, another two people should shake hands.  You may shake hands with someone who has already shaken hands.  This should continue until all standing members have shaken hands with a least one other student.

1.  In the space below create a network diagram of the handshake patterns.

(The diagram you create will depend on the connections made in the class.  Make sure list all the standing students’ names as in the example shown below so the students can make the diagram.)


Mark




Stacy


Lauren




Sam


Erika




Michael


Jen




Alex

You have learned that a new disease called studentitis has been spreading around the high school.  It is transmitted through handshakes and has an infection rate of 0.08

2.  Outline at least one complete pathway in the network diagram that studentitis could have been transmitted to you.

(Students should trace a pathway to themselves the same way that they traced a path to Angela in their workbooks on Day 2.  Remember the each group will have a different pathway because they are tracing it to themselves.)

3.  In the space below make a temporal interaction diagram of the different handshakes.

(All students should have the same diagram.  They diagram should look like the temporal interaction diagram that we completed at the end of Day 2.)

4.  List all the different people who if infected could have passed on studentitis to you.

(Since each student is tracing the pathway to themselves in the diagram each group of students will have a different answer.  Remember that there can be more than one pathway that leads to a student.)

5.  What is your probability of being infected with studentitis?

(Each group will have a different answer based on their own probability.)

6.  Which group has the highest probability of becoming infected with studentitis if 

____________________ is infected with studentitis?

(Select a student somewhere near the beginning of the diagram who is infected with studentitis and insert their name into the question.  All groups should have the same answer to this question.)

7.  Choose two other people in the interaction diagram and calculate their probability of

 becoming infected with studentitis if _________________________ is infected.

(Insert the name of the same student you selected for question 6 into this question.  Answers may vary based on the other two students selected.)
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