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Scientific models are explanations. We can use scientific models to explain things in the world. Often, we can also use scientific models to predict things. For example, a model of how plants grow explains why and how plants grow, and it can help us make predictions about when plants will grow and when they will not grow.

Let’s think about two questions: What is a scientific model? What is not a scientific model?

Let’s think about models of how volcanoes erupt (in other words, why volcanoes start throwing lava out). Look at the images below. Circle each one that you think is a scientific model of why volcanoes erupt. Do not circle the ones that you think are not scientific models of why volcanoes erupt.
	
The Volcano
[image: ]
	Volcano Making Kit
[image: ]


	Diagram of How to Make Volcanoes at Home 
[image: volcano]
	What happens after volcanic eruptions
				     Lava comes out.
Volcano erupts             
				     Some poisonous 
				      gases come out.

	How Volcanoes Form
Volcanoes are generally found where tectonic plates pull apart or come together. A mid-oceanic ridge, for example the Mid-Atlantic Ridge, has examples of volcanoes caused by "divergent tectonic plates" pulling apart; the Pacific Ring of Fire has examples of volcanoes caused by "convergent tectonic plates" coming together. Volcanoes can also form where there is stretching and thinning of the Earth's crust (called "non-hotspot intraplate volcanism"), such as in the African Rift Valley and the Rio Grande Rift in North America.  
	Collapse of a Dome Volcano
[image: ]


Turn the page to look at some more volcano models.  

	[image: ]Erupting Volcano in Pool

	Picture of Volcano Erupting 
[image: ]

	A Volcano
[image: ]
Here we see how a volcano is formed.  Magna is found deep below the surface.  It moves towards a hole in the ground.  Finally, lava flows from the hole, as smoke also pours from the opening.  
	How a Volcano Works
Pressures build up under ground.
There is magna close to the surface of the earth
A hole forms in the earth
Eruption!



	
The force of eruptions



F= P X A

F is the force of the eruption.
P is the pressure from gas,        .    found deep inside the earth.
A is the area of the volcano 
.    hole.

	Average Concentration of Sulfur Dioxide Over the Sierra Negra Volcano  (from October 23–November 1, 2005)

[image: Image:SO2 Galapagos 20051101.jpg]






Now, in pairs, discuss which of the images is a model of why volcanoes erupt. Give reasons why each is a model or not a model. Circle the ones that you and your partner think are scientific models of why volcanoes erupt.


	
The Volcano
[image: ]

	Volcano Making Kit
[image: ]


	Diagram of How to Make Volcanoes at Home 
[image: volcano]
	What happens after volcanic eruptions
				     Lava comes out.
Volcano erupts             
				     Some poisonous 
				      gases come out.

	How Volcanoes Form
Volcanoes are generally found where tectonic plates pull apart or come together. A mid-oceanic ridge, for example the Mid-Atlantic Ridge, has examples of volcanoes caused by "divergent tectonic plates" pulling apart; the Pacific Ring of Fire has examples of volcanoes caused by "convergent tectonic plates" coming together. Volcanoes can also form where there is stretching and thinning of the Earth's crust (called "non-hotspot intraplate volcanism"), such as in the African Rift Valley and the Rio Grande Rift in North America.  
	Collapse of a Dome Volcano
[image: ]




Turn the page.  

	
[image: ]Erupting Volcano in Pool

	
Picture of Volcano Erupting 
[image: ]

	
A Volcano
[image: ]
Here we see how a volcano is formed.  Magna is found deep below the surface.  It moves towards a hole in the ground.  Finally, lava flows from the hole, as smoke also pours from the opening.  
	
How a Volcano Works
Pressures build up under ground.
There is magna close to the surface of the earth
A hole forms in the earth
Eruption!



	
The Force of Eruptions


F= P X A

F is the force of the eruption.
P is the pressure from gas,        .    found deep inside the earth.
A is the area of the volcano 
.    hole.

	
Average Concentration of Sulfur Dioxide Over the Sierra Negra Volcano  (from October 23–November 1, 2005)

[image: Image:SO2 Galapagos 20051101.jpg]



Stop and wait for directions.  

#1.  Which model is better? Or are they equally good? Or is it impossible to say which one is better?

	First, circle your initial answer in the box below the models. 

	Then discuss in pairs. Be sure to give lots of reasons for your ideas.

	After you discuss, circle your final answer. (Do not change your initial answer.)

Model A:  Butterfly Model			          Model B:  Butterfly Model

[image: Butterfly]



	Initial answer:  

A.  Model A is better. 

B.  Model B is better.  

C.  Models A and B are equally good.

D. It is impossible to say which is better.

	Final answer:

A.  Model A is better. 

B.  Model B is better.  

C.  Models A and B are equally good.

D. It is impossible to say which is better.








#2. Which of these two models is better if you want to explain why baleen whales in the ocean might have enough food or why they might not have enough food.  

	First, circle your initial answer in the box below the models. 

	Then discuss these questions in pairs. Be sure to give lots of reasons for your ideas.

· What are arguments for saying that Model A is better? 
· What are arguments for saying that Model B is better?
· What are arguments for saying that they are equally good, or that it is impossible to say?
· Which model is better, or are they equally good, or is it impossible to say which is better?

	After you discuss, circle your final answer. (Do not change your initial answer.)



Model A:  Food web
Model B:  Food web
Baleen whales eat about 4% of their body weight each day during the feeding season.  Some whales eat up to 3,600 kg of krill each day. Krill eat very large amounts of phytoplankton each day.




	Initial answer:  

A.  Model A is better. 

B.  Model B is better.  

C.  Models A and B are equally good.

D. It is impossible to say which is better.

	Final answer:

A.  Model A is better. 

B.  Model B is better.  

C.  Models A and B are equally good.

D. It is impossible to say which is better.




#3.  There was a huge outbreak of food poisoning in New York City.  Health scientists developed two models of why the food poisoning occurred. 

                                Model A                                                                     Model B
Bacteria that cause food poisoning was in fresh lettuce that was sold to restaurants in New York City
Bacteria that cause food poisoning was in fresh meat that was sold to restaurants in New York City.

[image: Macintosh HD:Users:surbhiugra:Desktop:Screen shot 2013-01-02 at 2.05.31 PM.png][image: http://www.fatherhoodsucks.com/wp-content/uploads/2012/05/vomit-cartoon.gif

][image: http://www.how-to-draw-funny-cartoons.com/image-files/cartoon-steak-005.jpg
][image: Description: http://www.biologycorner.com/worksheets/prokaryote_color_key.html]They got sick from these bacteria. 
They got sick from these bacteria
People who got sick ordered dishes with this meat, and the bacteria entered their digestive systems.
The restaurants did not cook the meat long enough to kill all these bacteria.



Eatmea 
The bacteria entered these people’s digestive systems. 
People who got sick ordered dishes with lettuce at the restaurants. 






Then they went to gather evidence. They gathered this evidence: 

	Evidence 1. Everyone who got sick ate at a restaurant about 3 hours before getting sick.
	Evidence 2. 65% of the people who got sick had eaten at vegetarian restaurants that do not        
                   		      serve meat.  

Which of these models do you think better explains the cause of the food poisoning in New York City? 

First, circle your initial answer in the box below the models. 
	Then discuss these questions in pairs. Be sure to give lots of reasons for your ideas.
· What are arguments for saying that Model A is better? 
· What are arguments for saying that Model B is better?
· Out of all the arguments you have considered, which argument is most important?
· Which model is better, or are they equally good, or is it impossible to say which is better?

	After you discuss, circle your final answer. (Do not change your initial answer.)

	Initial answer:  

A.  Model A is better. 

B.  Model B is better.  

C.  Models A and B are equally good.

D. It is impossible to say which is better.

	Final answer:

A.  Model A is better. 

B.  Model B is better.  

C.  Models A and B are equally good.

D. It is impossible to say which is better.



#4. Which of these two models is better if you want to understand why it rains and what happens to the water on earth after it rains?

	First, circle your initial answer in the box below the models. 

	Then discuss these questions in pairs. Be sure to give lots of reasons for your ideas.

· What are arguments for saying that Model A is better? 
· What are arguments for saying that Model B is better?
· Out of all the arguments you have considered, which argument is most important?
· Which model is better, or are they equally good, or is it impossible to say which is better?

	After you discuss, circle your final answer. (Do not change your initial answer.)

   Model A:  Water Cycle				Model B:  Water Cycle
[image: water cycle A1]Evaporated water forms in the clouds.




Water evaporates from rivers, lakes, and oceans into clouds.
Water falls from clouds as rain or snow.  





Some water seeps into the ground.  This water eventually goes into rivers, lakes, and oceans.  

Water from rain or snow flows into rivers, lakes, and finally oceans. 









	Initial answer:  

A.  Model A is better. 

B.  Model B is better.  

C.  Models A and B are equally good.

D. It is impossible to say which is better.

	Final answer:

A.  Model A is better. 

B.  Model B is better.  

C.  Models A and B are equally good.

D. It is impossible to say which is better.





#5. Which of these two models is better if you want to explain how plants get food and energy in order to grow?  

	 First, circle your initial answer in the box below the models. 

	Then discuss these questions in pairs. Be sure to give lots of reasons for your ideas.

· What are arguments for saying that Model A is better? 
· What are arguments for saying that Model B is better?
· Out of all the arguments you have considered, which argument is most important?
· Which model is better, or are they equally good, or is it impossible to say which is better?

	After you discuss, circle your final answer. (Do not change your initial answer.)
 

Model A:  How plants get food and energy to grow.      Model B:  How plants get food and energy to grow.  
[image: ][image: ]Sunlight makes plants grow.






	Initial answer:  

A.  Model A is better. 

B.  Model B is better.  

C.  Models A and B are equally good.

D. It is impossible to say which is better.

	Final answer:

A.  Model A is better. 

B.  Model B is better.  

C.  Models A and B are equally good.

D. It is impossible to say which is better.



 


#6. Which of these two models is better if you want to explain how global warming occurs?
   
	First, circle your initial answer in the box below the models. 

	Then discuss these questions in pairs. Be sure to give lots of reasons for your ideas.

· What are arguments for saying that Model A is better? 
· What are arguments for saying that Model B is better?
· Out of all the arguments you have considered, which argument is most important?
· Which model is better, or are they equally good, or is it impossible to say which is better?

	After you discuss, circle your final answer. (Do not change your initial answer.)
 
Model A:  Global Warming
In 2015, it
will be hotter than previous years. 

In 1950, it
was 51.4°F.

In 1961, it
was 51.9°F

In 1973, it
was 52.3°F
.
In 1986, it
was 53.3°F.
In 1999, it
was 54.0°F.
In 2006, it
was 54.3°F.







Model B:  Global Warming
[image: ][image: http://www.excessivesweatingtreatment101.com/] 3. Global temperatures rise.
2. More greenhouse gases trap more heat in the earth’s atmosphere.
1. More and more greenhouse gases including carbon dioxide are released by cars, factories, etc.



	Initial answer:  

A.  Model A is better. 

B.  Model B is better.  

C.  Models A and B are equally good.

D. It is impossible to say which is better.

	Final answer:

A.  Model A is better. 

B.  Model B is better.  

C.  Models A and B are equally good.

D. It is impossible to say which is better.



	

#7. How good is this model of how tadpoles transform into frogs?  

	First, circle your initial answer in the box below the models. 

	Then discuss in pairs. Be sure to give lots of reasons for your ideas.

	After you discuss, circle your final answer. (Do not change your initial answer.)


[image: ]

	Initial answer:


A.  Very good

B.  Good 

C.  Average

D.  Bad

E.  Very bad
	Final answer:


A.  Very good

B.  Good 

C.  Average

D.  Bad

E.  Very bad










#8. Which of these two models do you think is better if you want to explain why volcanoes erupt?  





Model A:  Why volcanoes erupt      		Model B:  Why volcanoes erupt


Pressure builds up under ground

Lava flows from the hole, as smoke also pours from the opening.
The magna moves towards a hold already in the ground.
Magna is found deep below the surface of the Earth.



There is magma close to the surface of the Earth. 






A hold forms in the earth.





There is an eruption!













	Initial answer:  

A.  Model A is better. 

B.  Model B is better.  

C.  Models A and B are equally good.

D. It is impossible to say which is better.

	Final answer:

A.  Model A is better. 

B.  Model B is better.  

C.  Models A and B are equally good.

D. It is impossible to say which is better.





You have been thinking about the characteristics of good models and not-so-good models.
Now, individually, make a list of the most important characteristics of good (rather than bad) models. 
Write down six important characteristics of good models that you can think of below. Then, decide which of these characteristics is most important, second-most important, third-most important, etc., all the way to the least important. Rank their importance by putting a number in the little box on the left, with 1 being most important, 2 less important, etc. 



	1. _______________________________________________________________________________


	2. _______________________________________________________________________________


	3. _______________________________________________________________________________


	4. _______________________________________________________________________________


	5. _______________________________________________________________________________


	6. _______________________________________________________________________________
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COLLAPSE OF A DOME VOLCANO
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Butterfly Life Cycle
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MORPHOLOGY OF A BUTTERFLY
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