Four simulations:

	
	Easy
	Hard

	Positive
	dolls
	ice

	Negative
	heating
	eating


Conditions:
1. Positive feedback with analogy – ‘dolls’ then ‘ice’

2. Positive feedback without analogy – ‘dolls’ then ‘eating’

3. Negative feedback with analogy – ‘heating’ then ‘eating’
4. Negative feedback without analogy – ‘heating’ then ‘ice’
‘Dolls’:

Introduction:

This is a computer simulation showing how children change the dolls they like over time. Children start out liking a particular color of doll. They may change their minds when they meet other children and see the dolls that they like. At the start, there are five different colors of doll, with an equal number of children preferring each of them. However, with each time step, the children might change their minds about which color of doll they like if they are suggestible. In this case, the child looks to the other children within a certain neighborhood of themselves, and then changes to the color preferred by the most children in that neighborhood.

Please follow the worksheet and try to gain an understanding of how the simulation works so that you will be able to answer the questions in the quiz that will be presented afterwards.

[image: image1.jpg]Changs befors ‘setup:

o

Press a button, move the mouse over the view,
and clck to change chiiren o that color of dol

55 55
red of | e g | "ok gy

5 5
areeng| | yellowg,





A parameter of a model is any part of the model that you can change. Changing parameters may have a large effect on how your children behave. Important parameters to explore:

	Only change before pressing setup:

	num-of-children
	the number of children chosen to take part in the present run

	neighborhood-size
	the size of the circular neighborhood that the children consider when changing their preference

	
	

	Change before pressing setup and while the simulation is running:

	suggestibility
	how likely the children are to change their preference on each time step


You can change the values of these three parameters by clicking on their sliders on the left side of the screen. Set the parameter values, and then press the setup button to restart the simulation. Press the go button to start the children moving around and changing their doll colors. Press go again to stop the simulation. [For the suggestibility parameter, you can change the value during the run, and so do not need to press setup and start the run again after altering its value.] You can use the color buttons to change the preferences of children. First, select the color you want, and then click on the children that you want to change to this color.

The data plot keeps track of certain values during the simulation. Each colored line shows the percentage of children who prefer that color of doll.
Worksheet:

1. Set up the simulation using fairly large values for the neighborhood-size and suggestibility parameters and a value of around 500 for num-of-children, and then let it run through until it finishes – until all of the children like the same color of doll. About how long did this take? Do this a few more times and note how long the runs take to complete. Why does one color tend to win out eventually?
2. During runs of the simulation, note which color ‘wins’ in the end. Try to describe the behavior of the colored plots on the graph during these runs. Does the same color win each time? Are you able to predict which color will win after clicking setup but before clicking go? Is the general behavior plotted on the graph the same each time?

3. Experiment with the suggestibility and neighborhood-size sliders, one at a time. What effect, if any, do these parameters seem to have on the time taken for the run to end with a single color? How would you set these two sliders so that the children settle down to a single color the most quickly?
4. Start with a group that all has the same color. Turn go off to pause the simulation. Now add in a small patch of children with a different color. Do this by first picking a color button and then turning about 10 children to this color by clicking on them. Now, turn the simulation on by pressing go again. What happens to the group? Why doesn’t the new color ever catch on?

5. Now spend some time exploring the simulation further, until you feel ready to take the quiz (or the experimenter tells you the time is up). In particular, try playing with the color buttons before, and during, a run. Are you able to influence which doll preference wins? How? Can you make the run take more/less time by changing the colors part way through?
Quiz:

1. More children who like red dolls tends to lead to –

a) fewer who like red because there are more other colors to persuade the reds to change
b) even more who like red because there are more reds to then persuade other colors to change *
c) fewer who like red because the system tends to stay in balance
d) even more who like red because once a color increases, it always keeps increasing
2. If the number of children who prefer blue dolls starts to fall –

a) it will continue to fall at this same rate as the blues are steadily persuaded to change their preference

b) it will soon stop falling and start rising because there are more of the other colors now that can be persuaded to change to blue
c) it will fall faster and faster because there are more and more of the other colors to persuade them to change their preference *

d) it will soon stop falling and start to increase until it finds a balance with the other colors again

3. What happens if you increase the neighborhood of influence for each child?

a) each child’s preference depends on a larger group of other children, which tends to cause them to settle quickly on a single preferred doll color *

b) each child’s preference depends on a larger group of other children, which tends to cause them to have a greater diversity of opinions
c) each child’s preference depends on a smaller group of other children, which tends to cause the run to end sooner

d) each child’s preference depends on a smaller group of other children, which tends to cause the run to take longer to end
4. What happens if you make a large area of children prefer green dolls?

a) the preference for green dolls will now definitely spread to the rest of the children and end the run
b) as long as the ‘greens’ count for less than half of all the children still, they will never spread to the rest
c) the large group of ‘greens’ will always keep that preference because they are mostly surrounded by other ‘greens’
d) the preference for green dolls is more likely to spread to the rest of the children and end the run with all children preferring green dolls *
5. Imagine a situation with only red and green dolls – 75% red and 25% green. Which statement is most likely to be true?

a) about 75% of the time, reds will win out, and 25% of the time, green will win

b) red will win out almost 100% of the time *

c) the two colors will both have about a 50% chance of winning

d) the population will never settle on one winner because there will always be about 75% reds and 25% greens

6. Imagine that the neighborhood size was the entire viewing area. What will happen during the run?
a) the population will quickly converge to a single color *
b) the proportions of colors will stay the same throughout the simulation run

c) every child will be influenced by too many other children, creating everlasting chaos

d) two or three colors will spread through the population, though a single winner will never appear
7. Once there are only two colors left, and one color is far more popular than the other, why doesn’t the less popular color ever seem to rebound in popularity?
a) the children liking the less popular color become shy about their preferences and don’t try to talk other children into switching to their color
b) the less popular color cannot increase again once it has decreased in number
c) the less popular color has too many of the other color around it and so is more likely converted to that color *
d) the more popular color always wins once it has risen above a certain proportion of the population
‘Ice’:

Introduction:

This is a computer simulation showing the melting and freezing of glaciers. At the start, half of the Earth’s surface is ice and half is water. Water is shown as blue, and ice as grey, and you are looking down at the Earth’s North Pole. The average temperature is about 32(F (the freezing point of water). In this simulation, sunlight is treated as streaming particles, although in the real world, light acts like both particles and waves. When the sun’s light particles (yellow) fall on the Earth, they will either be reflected or absorbed. If they are reflected, they bounce back into space (red particles) and won’t heat up the Earth. If they are absorbed however, then they will heat up the area they hit by some degrees. You set the number of degrees by changing the particle-temp-increase slider. Absorbed particles create a brief ‘splash’ – orange if absorbed by water, purple if absorbed by ice. Generally speaking, ice is more likely to reflect the sun’s particles in the real world. However, you can set the reflectance values yourself using the sliders in the simulation. In addition, the temperature of each spot spreads out and affects its neighboring spot, which may lead to them warming up or cooling down. Each area is also cooled slightly at every time step to take into account the cooling effect of space on the Earth.
Please follow the worksheet and try to gain an understanding of how the simulation works so that you will be able to answer the questions in the quiz that will be presented afterwards.
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A parameter of a model is any part of the model that you can change. Changing parameters may have a large effect on how the ice and water spread. Important parameters to explore:
	Change before pressing setup and while the simulation is running:

	sun-emission-rate
	the number of particles emitted by the sun on each time step

	particle-temp-increase
	the temperature that areas increase by if a particle from the sun is absorbed

	reflectance-water
	how likely each area of water is to reflect the sun’s particles

	reflectance-ice
	how likely each area of ice is to reflect the sun’s particles


While the simulation is running, you can change the values of these four parameters by clicking on their sliders on the left side of the screen. In order to change them before the run, set the values and then press the setup button to restart the simulation. Press the go button to start the heat spreading and the sun emitting particles. Press go again to stop the simulation. You can use the temperature buttons to change the temperatures of areas. First, select whether you want to warm or cool an area, and then click on the area that you want to change.

The data plot keeps track of the state of the Earth’s surface. The blue line shows the percentage of the Earth’s surface that is covered in water.
Worksheet:

1. Set up the simulation using the initial parameters, and then let it run for while. What happens to the amount of water, and to the Earth’s temperature? You should find that the Earth’s temperature doesn’t change that much during the run. This is because the slight cooling effect, mentioned above, has a value that approximately balances out these initial parameters, so that the temperature will stay roughly the same. Therefore, you will only cause a noticeable effect on the Earth’s surface if you change the parameters from these starting values.
2. If you increase or decrease the temperature of the particles emitted by the sun (particle-temp-increase), what effect does this have on the outcome if you let the simulation run for a while? Why? Similarly, if you increase or decrease the number of particles the sun emits each time step (sun-emission-rate), what effect does this have on the outcome if you let the simulation run for a while? Why? Using these parameters, can you cause the run to finish (when the Earth is covered in only ice or only water)?
3. When the sun’s particles hit the Earth and are absorbed, what happens to those spots of ice/water? How does this affect the neighboring spots? And how does this affect the Earth’s temperature as a whole?

4. Spend some time exploring the effects of the reflectance parameters. (Bear in mind that in reality, ice is about three times more reflective than water.) Are you able to slow down, stop, or speed up the melting of the ice or the freezing of the water? If so, then which values lead to these outcomes?
5. Start with the Earth covered in water, by clicking on the setup all water button. Now, turn go off to pause the simulation, if it isn’t already. Then add in a small spot of ice. Do this by first clicking on the cool area button and then turning about one square centimeter into ice by clicking on it until it turns white/grey. Now, turn the simulation on by pressing go again. What happens to the ice? By using different parameter values, are you able to make sure that the ice never spreads until it covers the Earth? Can you cause the opposite, with the ice getting bigger with time? By exploring, are you able to come up with any rules about how small changes in certain parameters always lead to particular outcomes?
6. Now spend some time exploring the simulation further, until you feel ready to take the quiz (or the experimenter tells you the time is up). In particular, try playing with the temperature buttons before, and during, a run. Are you able to influence whether the Earth ends up covered in ice or water? How?

Quiz:

1. More melting ice tends to lead to -
a) less melting ice because the system tends to stay in balance
b) more water freezing to become ice that substitutes for the melted ice
c) even more melting ice because more sunlight will be absorbed rather than reflected *
d) less melting ice because more sunlight will be reflected rather than absorbed

2. If the Earth’s temperature increases -
a) this increases the amount of water, which leads to even higher temperatures in the long run *
b) this increases the amount of ice, which causes the water to cool and lowers the temperature again
c) this increases the amount of ice in order to balance this effect and maintain a stable climate
d) more ice melts, but then refreezes because its neighbors cool it down again
3. What happens if you warm an area so that a big patch of ice turns into water?

a) this will tend to cause nearby ice to become colder, thereby freezing the water again
b) this will tend to lead to more ice nearby melting, increasing overall temperatures *

c) this will tend to have little effect because sunlight will now reflect off of the water
d) this will tend to have little effect since ice will still be forming in other areas of the Earth
4. Which cycle best describes the simulation (where ‘→’ means ‘leads to’)?
a) sunlight → more ice → more sunlight

b) ice turning to water → more absorption of sunlight → more ice turning to water *
c) ice turning to water → lowers the Earth’s temperature → water turning back into ice

d) higher reflectance of ice → less ice melts → lower reflectance of ice
5. Once the temperature on Earth reaches a fairly high level (like 42(F), why is it hard to avoid further warming?
a) water will tend to evaporate at this temperature
b) the remaining ice will always persist, but in many small patches spread over the Earth
c) with a greater proportion of the Earth covered in water, even more sunlight will be absorbed *

d) at this temperature, the reflectance of water is very low and so will absorb more sunlight
6. Which is the most effective strategy in the simulation for avoiding global warming?
a) wait until the Earth is mostly covered by water and then keep turning patches of water to ice

b) make the reflectance of ice very low so that it, too, will absorb sunlight more
c) make the reflectance of water very high so that it reflects sunlight more *
d) increase the number of particles emitted by the sun so that more can be reflected by the Earth
7. Imagine a situation where the Earth’s surface is 75% water (reflectance of 0.25) and 25% ice (reflectance of 0.75), and simulation is left to run. Which statement is most likely to be true?

a) about 75% of the time, water will cover the Earth, and 25% of the time, ice will cover the Earth
b) the water and ice will both have about a 50% chance of covering the Earth
c) the Earth will never be covered by just one thing because there will always be about 75% water and 25% ice
d) water will cover the Earth almost 100% of the time *

‘Heating’:

Introduction:

This is a computer simulation showing the heating of a house. The outside has a small cooling rate applied to it so that it always cools back to the initial-outside-temperature. However, most people would prefer that the inside of their house is warmer than this. Therefore, by setting the ideal-temperature to how warm you would like it to be, you can have the inside and the outside of the house at different temperatures by making use of a radiator. If the ideal temperature is greater than the actual temperature, then the radiator will turn on. The radiator turns off when the actual temperature is greater than the ideal temperature. You can also choose how much the outside affects the inside by altering the thickness of the walls (insulation) and how fast the particles move (particle-speed). Particles will move around randomly both inside and outside of the house. If two particles are close enough, they will influence each other’s temperature so that the colder particle gets warmer, and the warmer particle gets colder. As particles range from cold to hot, their colors range from blue to red.
Please follow the worksheet and try to gain an understanding of how the simulation works so that you will be able to answer the questions in the quiz that will be presented afterwards.
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A parameter of a model is any part of the model that you can change. Changing parameters may have a large effect on how the inside and outside temperatures affect each other. Important parameters to explore:
	Only change before pressing setup:

	no-of-particles-inside
	the number of particles inside the house at the start

	no-of-particles-outside
	the number of particles outside the house at the start

	initial-inside-temperature
	the temperature inside the house at the start

	initial-outside-temperature
	the temperature outside the house at the start

	insulation
	the thickness of the walls of the house

	
	

	Change before pressing setup and while the simulation is running:

	radiator-temperature
	the temperature of the radiator when it is on

	outside-cooling-rate
	the amount that the outside cools on each time step if above 40(F

	particle-speed
	how far each particle moves on each time step

	ideal-temperature
	the temperature you would like the inside of the house to be


You can change the values of these nine parameters by clicking on their sliders on the left side of the screen (as well as one in the viewing window itself). Set the parameter values, and then press the setup button to restart the simulation. Press the go button to start the particles moving, which leads to the heat/cold spreading. Press go again to stop the simulation. [For the last four parameters, you can change the values during the run, and so do not need to press setup and start the run again after altering their values.] You can use the deletion button to delete blocks from the walls and roof of the house. First, click on the deletion button, and then click on the blocks that you want to delete inside the viewing window.

The data plot keeps track of certain values during the simulation. The black line shows the temperature inside the house, and the red line shows the temperature you’d like it to be. The blue dots show whether the radiator is on or off – high dots mean ‘on’, low dots mean ‘off’.

Worksheet:

1. Set up the simulation using the initial parameters, and then let it run for a while. Watch what happens on the graph as time passes. Do the plots settle into a repeating pattern or do they continue to vary? Are you able to predict what will happen next?
2. If you increase/decrease the insulation of the house before clicking setup, what effect does this have on the inside temperature during the run? Why? See how the distance the particles move on each time step (particle-speed) plays a role in this too. How do these parameters affect how quickly the inside temperature changes? Is it possible to set the insulation so that the house is unaffected by the temperature outside even without the radiator turning on?

3. Next, explore the effects of the other sliders, one at a time. For instance, see what happens if you increase the ideal-temperature of the inside during a run. Does this make the radiator turn on more or less in the short term? What about in the long term? If you change the temperature that the radiator operates at (radiator-temperature), how does this affect how often it switches on? Observe the plots on the graph, along with the monitor showing how often the radiator has turned on during the time shown on the graph (‘% time on recently’), to help you study these changes.
4. Set the initial-inside-temperature really high, and set the ideal-temperature really low. Now click on setup and then go to start the run. How do the data plots and the radiator’s behavior differ from previous runs when these two temperatures were quite close to each other? Do these differences continue, or do the plot and radiator behavior become similar to previous runs after a while?
5. Now spend some time exploring the simulation further, until you feel ready to take the quiz (or the experimenter tells you the time is up). In particular, try playing with the deletion button before, and during, a run. Are you able to influence how often the radiator comes on, and the inside temperature in general? How? Is it possible to make the inside temperature relatively constant throughout a run? Can you find the best parameter settings so that the radiator has to come on the least amount?
Quiz:

1. If the inside temperature falls below the ideal temperature -
a) the radiator turns off because the outside temperature may warm the house up again
b) the radiator turns on because it needs to warm the house to the ideal temperature *
c) the radiator turns on only if the house is below the radiator temperature
d) the radiator turns on unless the insulation is thick enough to warm the house again

2. If the ideal temperature is higher than the radiator temperature -
a) the radiator will always be on because it keeps trying, and failing, to warm up the house *
b) the radiator turns on less because it can’t warm up the house enough anyway
c) the radiator turns on more because it needs to be as warm as the ideal temperature
d) the radiator turns on less because the insulation makes up for this difference
3. What happens if you increase the outside cooling rate?

a) this will decrease the outside temperature quicker, requiring a higher ideal temperature inside the house
b) this will decrease the outside temperature quicker, although the inside temperature tends to remain unaffected

c) this will  decrease the temperature inside the house quicker, although this will not affect how often the radiator turns on

d) this will decrease the temperature inside the house quicker, causing the radiator to turn on more often *

4. What happens if the insulation thickness is a lot higher than the particle speed?
a) the particles cannot get through the walls of the house because they are too thick, and so the inside temperature keeps increasing
b) the particles cannot get through the walls of the house because they are too thick, and so the inside temperature keeps decreasing
c) the particles cannot get through the walls of the house because they are too thick, and so the inside temperature is not affected by the outside *

d) the particles are unaffected by the insulation, and so they continue to move between the inside and the outside, but at a lower speed
5. What happens if you make a large hole in one of the walls of the house?

a) the particles move more easily between the inside and the outside, and so the outside temperature decreases much faster
b) the particles are able to move freely through the hole, but this has little effect on the inside and outside temperatures
c) the particles move more easily between the inside and the outside, and so the inside is cooled much faster *
d) the particles tend not to move through the hole, as they are more likely to stay inside/outside the house, depending on where they started
6. Which cycle best describes the system featured in the simulation (where ‘→’ means ‘leads to’)?

a) actual temperature falls below ideal temperature → radiator comes on → actual temperature increases to ideal temperature *

b) actual temperature goes above ideal temperature → radiator comes on → actual temperature falls to ideal temperature
c) actual temperature falls below ideal temperature → radiator turns off → actual temperature increases to ideal temperature
d) actual temperature goes above radiator temperature → radiator comes on → actual temperature falls to radiator temperature
7. Imagine a situation where the ideal temperature is higher than both the radiator temperature and the actual temperature. Which of these statements is true?

a) the radiator is sometimes on but the actual temperature never reaches the ideal temperature
b) the radiator is always on but the actual temperature never reaches the ideal temperature *
c) the radiator is sometimes on and the actual temperature is able to reach the ideal temperature
d) the radiator comes on at random so the actual temperature sometimes reaches the ideal temperature
‘Eating’:

Introduction:

This is a computer simulation showing the relationship between a person’s hunger, the fullness of their stomach, and when they decide to eat. At the start, the man has no food in his stomach and so is hungry. When he eats a banana, it is converted into food particles that travel to his stomach (orange). When these food particles hit the detectors (green) on the stomach’s wall, they release leptin molecules (purple). These leptin molecules travel to his brain (in particular, a region called the hypothalamus), where their number determines how hungry the man is. Many leptin molecules in the brain makes the man less likely to eat. Only when the amount of leptin drops below a certain level (set by the appetite parameter) will the man eat again. These molecules in the brain decay with time, and so his hunger level falls again. If his hunger level drops below his appetite, he eats again. Food particles in the stomach also break down over time and leave along the small intestine (not shown). The man’s body size is determined by the number of food particles in his stomach.
Please follow the worksheet and try to gain an understanding of how the simulation works so that you will be able to answer the questions in the quiz that will be presented afterwards.
[image: image4.jpg]Changs befors setup:
Changs befors ‘setup an during the ru:

=

setup

o

Press a button, move the mouse:
overthe view, and clickto Bk o s
acklidlete leplin molecules inthe
stomch or brain

delete leptin molecuies





A parameter of a model is any part of the model that you can change. Changing parameters may have a large effect on how often the man eats. Important parameters to explore:
	Only change before pressing setup:

	num-of-detectors
	the number of food particle detectors around the stomach’s wall

	
	

	Change before pressing setup and while the simulation is running:

	appetite
	if leptin drops below this level, the man will eat

	particles-in-banana
	how many food particles there are in a banana


You can change the values of these three parameters by clicking on their sliders on the left side of the screen. Set the parameter values, and then press the setup button to restart the simulation, and wait for a few seconds – it may take awhile to set up. Press the go button to start the man being hungry, which leads to him eating. Press go again to stop the simulation. [For the appetite and particles-in-banana parameters, you can change the values during the run, and so do not need to press setup and start the run again after altering their values.] You can use the leptin buttons to add or delete leptin particles within the man’s stomach or brain. First, select whether you want to add or delete leptin, and then click on the place in the stomach or brain where you would like to do this.

The data plot keeps track of certain values during the simulation. The purple line shows the number of leptin molecules in the man’s brain, and the brown line shows his appetite.

Worksheet:

1. Set up the simulation using the initial parameters, and then let it run for a while. Watch what happens on the graph as time passes. Do the plots settle into a repeating pattern? Describe this pattern. Are you able to predict what will happen next?

2. If you increase/decrease the man’s appetite, what effect does this have on how often he wants to eat? Why? If you change how much food each banana represents (particles-in-banana), how does this affect how often he eats? Observe the plots on the graph, along with the box displaying how many time steps since he last ate, as you alter these parameters in order to get a better idea of what is going on.

3. Next, explore what happens when different numbers of food detectors (num-of-detectors) are in the man’s stomach at the start of each run. What effect does this parameter have on how often he eats? Why?

4. Set up the run as normal. Then add lots of leptin in the man’s brain using the add leptin molecules button. Now click go to start the run. How do the data plot and the man’s eating differ to previous runs when no leptin was in his brain at the start? Do these differences continue, or does the man’s eating become similar to previous runs after a while? Why?
5. Now spend some time exploring the simulation further, until you feel ready to take the quiz (or the experimenter tells you the time is up). In particular, try playing with the leptin buttons before, and during, a run. Are you able to influence how often the man needs to eat? How? Is it possible to make the man never need to eat? Can you find parameter settings so that the man always eats bananas in twos? In threes? In fours?
Quiz:

1. If you reduce the number of detectors in the man’s stomach -
a) the man eats more often because the leptin has less of an effect on his hunger level
b) the man eats less often because the leptin has more of an effect on his hunger level
c) the man eats less often because each banana tends to make less leptin and so he is less hungry
d) the man eats more often because each banana tends to make less leptin and so he remains hungry *
2. If the leptin level on the graph falls below the man’s appetite -
a) the man eats bananas until his stomach is full of food particles
b) the man eats bananas until his brain is free of all leptin particles
c) the man eats bananas until his brain has the same number of leptin particles as his appetite *
d) the man eats several bananas because then he won’t be hungry again for a while
3. What happens if you increase the number of particles in each banana the man eats?

a) this will lead to more food particles in his stomach each time he eats one, releasing more leptin and increasing his fullness quicker *

b) this will lead to more food particles in his stomach each time he eats one, although this will not affect how much leptin is produced

c) this will lead to more food particles in his stomach each time he eats one, and so will decrease the man’s appetite level
d) this will lead to more food particles in his stomach each time he eats one, leading to an increase in the man’s appetite over time

4. Which of these methods would lead to the man never being hungry or eating a banana?

a) set the number of food particles in a banana to be very high

b) keep adding leptin particles manually to the stomach or brain *

c) set the number of food particles in a banana to be very low
d) keep deleting leptin particles from the stomach or brain

5. Which cycle best describes the system featured in the simulation (where ‘→’ means ‘leads to’)?

a) leptin level goes above appetite → man eats food → leptin level falls to appetite

b) leptin level falls below appetite → man doesn’t eat food → leptin level increases to appetite

c) leptin level falls below appetite → man eats food → leptin level increases to appetite *

d) leptin level goes above number of particles in banana → man eats food → leptin level falls to number of particles in banana

6. Which of the following situations would cause the man to almost never stop eating?

a) a very high number of particles in each banana and a very low appetite

b) a very high number of particles in each banana and a very high appetite

c) a very low number of particles in each banana and a very low appetite

d) a very low number of particles in each banana and a very high appetite *

7. Which of these methods would have a similar outcome to adding leptin particles to the stomach manually?
a) increasing the man’s appetite
b) increasing the number of particles in a banana *
c) decreasing the number of detectors in the man’s stomach
d) decreasing the number of particles in a banana
Analogy Quizzes:

Condition 1:

For these questions, you will be asked to make comparisons between the two simulations that you explored. As it turns out, these simulations are analogous. What we mean by analogous is that there are elements that play the same role in their systems, even though they may look quite different. For example, atoms can be seen as analogous to solar systems, even though one is very small and the other very big. In this analogy, the nucleus of the atom corresponds to the sun, the electrons correspond to planets, and the rotation of an electron around the nucleus corresponds to a planet orbiting around the sun. We would like you to answer the following questions about analogies between the ‘dolls’ and ‘ice’ simulations.

1. Imagine an ‘ice’ simulation situation where only a small area of ice remains but it will soon be turned into water. What is the corresponding situation in the ‘dolls’ simulation?
a) most of the children prefer red dolls, but a few still prefer black, and so the reds will soon switch to black
b) equal numbers of children prefer each of the five colors, and so it is unclear which color will end up being preferred by everyone
c) a small number of children prefer red dolls but the rest prefer black, and so the reds will soon switch to black *
d) within a small neighborhood, one child prefers red dolls but the rest prefer black, and so that child will switch to black on the next time step
2. The ‘dolls’ simulation finishes when one color of doll dominates and no other colors remain. What corresponds to this condition for finishing in the ‘ice’ simulation?
a) when all the ice has melted and the Earth is covered in water *
b) when the ice and water have the same area as each other so nothing else changes
c) when all the water has frozen and the Earth is covered in ice
d) when the ice and water have the same reflectance as each other and so nothing else changes
3. Which element in the ‘ice’ simulation corresponds to the preference for a certain color of doll in the ‘dolls’ simulation?
a) the state of the sun’s emissions (absorbed or reflected)
b) how reflective the ice and the water are
c) the area of water versus ice on Earth
d) the state of each spot (ice or water) *

4. Which element in the ‘ice’ simulation corresponds to the doll preferences being influenced by the children’s neighbors in the ‘dolls’ simulation?
a) the sun’s emissions warming patches of the Earth
b) the temperature of each patch affecting the temperatures of the neighboring patches *
c) the total area of water determining the total area of ice
d) the reflectance of each patch influencing whether it absorbs the sun’s particles or not
5. In the ‘doll’ simulation, children liking a doll of a certain color doll leads to more children liking the same color doll. What is the corresponding behavior in the ‘ice’ simulation?

a) the presence of sunlight leads to still more sunlight

b) the presence of ice leads to less ice

c) the presence of water to leads to more ice

d) the presence of water leads to still more water *

6. In the ‘ice’ simulation, H2O can appear as water or ice. What corresponds to this variation in the ‘doll’ simulation?

a) children can be influenced, or not influenced, by other children

b) children can be close to, or far away from, each other

c) children can like different color dolls *

d) children can have wide or narrow neighborhoods of influence

7. Imagine a ‘doll’ simulation situation where many children like red dolls and a few like green ones. What would be the corresponding situation in the ‘ice’ simulation?

a) most of the H2O on Earth is water, but there are also a few patches of ice *

b) most of the sunlight is falling on the Earth, but some is near the sun

c) most of the sunlight is reflected by ice and some is absorbed by ice

d) most of the sunlight is absorbed by water and some is reflected by water

Condition 3:

For these questions, you will be asked to make comparisons between the two simulations that you explored. As it turns out, these simulations are analogous. What we mean by analogous is that there are elements that play the same role in their systems, even though they may look quite different. For example, atoms can be seen as analogous to solar systems, even though one is very small and the other very big. In this analogy, the nucleus of the atom corresponds to the sun, the electrons correspond to planets, and the rotation of an electron around the nucleus corresponds to a planet orbiting around the sun. We would like you to answer the following questions about analogies between the ‘house temperature’ and ‘eating’ simulations.

1. In the ‘house temperature’ simulation, when the temperature dropped below a ‘critical temperature,’ the radiator turned on. What corresponds to critical temperature in the ‘eating’ simulation?
a) the critical number of leptin molecules in the brain *
b) the critical number of food molecules in the stomach
c) the critical number of food molecules in each banana
d) the critical number of leptin receptors in the stomach

2. In the ‘house temperature’ simulation, the house's temperature decreased because of the influence of cold temperature from the outside. What corresponds to this temperature decrease in the ‘eating’ simulation?
a) an increase in banana intake
b) a decrease in leptin receptors in the stomach
c) a decrease in the number of food molecules in each banana
d) leptin breakdown in the brain *

3. In the ‘house temperature’ simulation, the house's temperature increased when the radiator turned on. What corresponds to this temperature increase in the ‘eating’ simulation?
a) a decrease in the number of leptin receptors in the stomach
b) an increase in leptin molecules caused by food in the stomach *
c) a decrease in the critical number of leptin molecules needed to trigger eating
d) an increase in the critical number of leptin molecules needed to trigger eating

4. Which element in the ‘eating’ simulation corresponds to the ideal temperature inside the house in the ‘house temperature’ simulation?
a) the number of food detectors in the man’s stomach
b) the number of food particles in the man’s stomach
c) the man’s appetite *
d) the man’s fullness level

5. In the ‘eating’ simulation, eating causes leptin levels to increase. What corresponds to this chain in the ‘house temperature’ simulation?

a) good insulation causes the house to stay warm

b) a cold temperature outside causes the house to become cold

c) a warm temperature inside causes the outside temperature to increase

d) a cold temperature inside makes the radiator turn on *

6. In the ‘house temperature’ simulation, the radiator being on usually causes the temperature to rise, thereby shutting off the radiator. What corresponds to this chain in the ‘eating’ simulation?

a) increasing the temperature usually causes the man to get hungry

b) increasing the particles per banana usually increases their desirability, causing the man to eat more

c) increasing leptin levels usually causes eating to stop *
d) decreasing the number of detectors in the stomach usually causes eating to stop

7. What corresponds to the amount of leptin in the brain in the ‘house temperature’ simulation?

a) the ideal amount of food particles in a banana

b) the actual number of food particles in a banana

c) the ideal temperature of the house

d) the actual temperature of the house *
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