“ Coming Together and Moving Forward”

Systems Thinking & Dynamic Modeling
A Conference for K-12 Education
June 25 - June 27, 2000

The Dynamics of Health Education
Harriet Tubman Middle School

Waters Foundation

Systems Thinking & Dynamic Modeling K-12 Education Project

Judith A. Lampi
Portland, Oregon

Outline

¢ Introduction
* The Dynamics of Health Education

* Integrating Systems Thinking and Dynamic Modeling into the
Health Curriculum
— What isa System?
— Exponential Growth
* One Grain of Rice by Demi
* How Quickly can Bacteria Multiply (Activity)
e “TheBlob”
Bacteriain a Bottle Model
Simple Infection Game
How do Infectious Diseases Spread
Probability of Infection
Infection Model

¢ Questions
View Health Lesson Poster Boards




Harriet Tubman Middle School
2231 North Flint Street
Portland, Oregon

Portland Public Schools

8th Grade Health Sciences
L™




What is a System?

“A System isacollection of things which interact with
each other to function asawhole”

“If one part has an effect on the rest of the system and
the system as awhole has an effect on that one part, then
a“circular” relationship - or “loop” - has been created.

The Art of Systems Thinking, O’ Connor & McDermott (Hammersmith, London, Thorsons Publishers 1997)




Feedback

/ Changesin First Part of System \
Causes Causes
/\ Change in Second Part of System /

“All systems have a goal-even if that goal
iIsonly to survive. Thegod isit'sdesired
state, when the system is at rest or
balanced. Balancing feedback actsto
reduce the difference between where a
system is and where it should be. It
drives the system towards the goal”.

The Art of Systems Thinking, O’ Connor & McDermott (Hammersmith, London, Thorsons Publishers, 1997)




Isthis tree a System?

Isthis a system?
Why or why not?




A Systemvs.

A System
Interconnecting parts
functioning as a whole.

Changed if you take away
pieces or add more
pieces. If you cuta
system in half you do

not get two smaller
systems, but a damaged
system that will probably
not function.

The arrangement of the
pieces is crucial.

The parts are connected
and work together.

Its behavior depends on
the total structure.
Change the structure and
the behavior changes.

Heap

A Heap
A collection of parts.

Essential properties a
unchanged whether you
add or take away pieces.
When you halve a heap,
you get two smaller heaps.

The arrangement of the
pieces is irrelevant.

The parts are not
connected and can
function separately.

Its behavior depends
on its size or on the
number of pieces in
the heap.




A Heap vs. A System

Exponential Growth

“When something grows exponentially, it grows steadily. Itincreasesat a
fixed rate - in afixed interval of time.”

Doubling Time: Thetime it takes something that is growing steadily to
double.

“Anything that isincreasing will double eventually if it keeps growing.”

Source: Science & Technology: Systems and Change, BSCS, Kendall/Hunt
Publishing Co., 1999




“If you graph the quantity of anything that grows exponentially for along
enough period of time the graph always will be shaped like the letter J.”

Source: Science & Technology: Systems and Change, BSCS, Kendall/Hunt
Publishing Co., 1999
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How Quickly Can Bacteria Multiply

Your teacher will give you some beans and paper cups. Number the cups 1 through 8.
Each bean will represent a bacterial cell.

Put one bean into cup 1 to represent the first generation of bacteria. Approximately every 20 minutes,
a bacterial cell reproduces by dividing into two cells. Put two beans into cup
2 to represent the second generation of bacteria.

Calculate how many bacterial cells there would be in the third generation if each cell in cup 2 divided
into two cells. Place the correct number of beans in cup 3.

Repeat step 3 five more times. All the cups should now contain beans.
How many cells are in the eighth generation?
How much time has elapsed since the first generation?

Think it Over: Inferring - Based on this activity, explain why the
number of bacteria can increase rapidly in a short period of time:

© The Waters Foundation, May 2000
Source: BSCS Middle School Science & Technology/Systems and Change, Kendall/Hunt Publishing Co. 1994

Bacteria Model
Generic Population Model

Murnber of Bacteria

I

&dding Bacteria

Fraction of adding Bacteria




Bacteria M odel
Behavior Over Time Graph
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Bacteria Model
Equations

[E?h} Murnber _of_Bacterialt) = Number _of_Bacteria(t - dt) + (Adding_Bacteria) * dt
INIT Murnber _of_Eacteria = 1
IMFLO'WS :

o Adding_Eacteria = Nurmber _of _Bacteria*Fraction_of_adding_Bacteria
I:::I Fraction_of_adding_Bacteria =1
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Simple Infection Game

Here are the steps for the Infection Game:

1) Greet 5 people per cycle with a hand shake
2) If you get your hand squeezed twice, you’ve become infected
3) Infected people pass on their infection (through a double hand

squeeze) to only one person each cycle.

Don’t start infecting people until the next complete
cycle after the cycle in which you became infected

4) We will simulate this game through 6 cycles

Cycle Number of people infected

o Uh WN PP

How do Infectious Diseases Soread
1. Put on goggles and plastic gloves. Y our teacher will give you a plastic dropper and a plastic cup half-
filled with aliquid. Do not taste, smell, or touch the liquid.

2. Inthis activity, you will model how some diseases spread. Y our teacher will signal the start of a
“talking” period. Choose a classmate to talk with briefly. Asyou talk, exchange a dropper full of the
liquid in your cup with your classmates.

3. At your teacher’ s signal, talk to another classmate. Exchange a dropper full of liquid.

4. Repest step 3 two more times.

5. Your teacher will add afew drops of liquid to each student’s cup. If your fluid turns pink, it indicates
that you have “contracted a disease” from one of your classmates. Wash hands when you have finished

the activity.

Think it Over

How many more rounds would it take for everyonein your class to “ become infected” ?

Use your prediction to explain why some diseases can spread quickly through a population:

© The Waters Foundation, May 2000
Source: Science & Technology: Systems and Change, BSCS, Kendall/Hunt
Publishing Co., 1999
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| nfection Model
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Infection Model
Behavior Over Time Graph
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Infection Model
Equations

[ irisated Fopalidcaltl = infeched Papu libandt - ] + e nfeadions ) 5 4
T nfscied Fopolition = |
IWFLDW S
o Daw_infecicra =
Frabgh i ik_od_sn mfniad_oonbae i Proks bi by _sf_infgch e 8y rbar _of _Cosberls ® ybec-ied_Popalikes
[ tedwteets L_Popudaibond 0= Lndieoied _Pog ladindt — a1 + (- g _iniaoibrgd = i
P ipdwteniml Popalatbon = 537
MITFLOwE:
W Pl Becdiona =
Frabud i Hyoimn infcbad_cendas BAProba b Dy af_rfech o #fl rker of Coabacie & indecb-d_Frpi et iea
(] Hunir_ ol Cordets = 3
{_| Prohaiktyor-Bieclion = 02
(_:l Predabibhy ol aedniesied =ordsek = U efsebed Popas bben | Lniedee bed _Popad vt e bd Fapabtbie-1 |
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