OPEN-ENDED QUESTIONS 

Two students decided to do an experiment to determine how the size of a meteor affects crater depth.  They used 3 metal spheres of different sizes and dropped each from two different heights into a tray of sand, recording the depth of the crater each time. 

Sphere Radius

Height Dropped

Depth of Crater
2 cm



30 cm



0.4 cm

2 cm



90 cm



1.8 cm

4 cm



30 cm



0.6 cm


4 cm



90 cm



1.8 cm

8 cm



30 cm



0.6 cm

8 cm



90 cm



4 cm

1) What conclusions can be drawn from the group’s experiment and results?  How valid do you think these conclusions are, based on the group’s experiment and results? Explain your answer fully.  
SCORE 0

They learned that radius affects craters.

SCORE 1
The larger the meteor, the larger the crater.  Their results are valid, but they could have done it more than once.

SCORE 2
The results show that the larger the meteor, the larger the crater.  These results are not very valid because they not only used spheres with different radii, but because they were all made of metal they probably had different masses, too.  We can’t be sure that the results are due to the radius alone.
SCORE 3
The results show that the larger a meteor is, the larger a crater it will produce, but his conclusion is not very valid.  (1) The three spheres they used all had different radii, BUT because they were all made of metal, they must have also differed in mass as well.  This is not good because in a valid experiment you need to ensure that only one variable differs between the groups-- the variable you are investigating (in this case, the radius of the spheres).  (2) Plus, they only did the experiment once.  Valid experiments are performed many times, and the results are averaged.  (2) They probably had a hard time accurately measuring the depth of the crater using a ruler.  It is hard to judge where the “top” of a crater begins when measuring its depth.  Plus, it is difficult to place the ruler right into a crater’s center without disturbing it.  

2) Sketch an appropriate graph of the students’ results in the space provided, showing all results and using proper labels.  [3 points]
SCORE 1
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	


SCORE 2
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	


SCORE 3
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	


[image: image1.wmf]

3) What variables need to be controlled in a similar experiment to determine how mass of a meteor affects the size of a crater? Explain your answer fully.  
SCORE 0
You need to control many variables to have a good experiment, like having a control group.

SCORE 1
You need to control the height you drop it from.
SCORE 2

If you are testing how the mass of a meteor affects the size of a crater, you will have to make sure that all the meteors are dropped from the same height and that they are all the same size.

SCORE 3 

If you are testing how the mass of a meteor affects the size of a crater, you will have to make sure that the only factor different about the meteors is their mass. Everything else about the meteors must be the same.  For example, all the meteors must be dropped from the same height.  They also must be the same size (volume/radius). They should be dropped into exactly the same kind of sand.  The same person should drop them every time.  This ensures that our results are due to the MASS of the meteor only, and not due to some variable that we didn’t control.
[image: image2.jpg]



4) Suppose you wished to conduct an experiment with plastic objects and a tray of sand to determine how the shape of a meteor affects the size of a crater. Write the procedures you would follow in conducting this experiment.  [3 points]
SCORE 0

Take a marble and drop it into sand then measure it and then try different

Sized marbles.

SCORE 1

Take different shaped things then drop them into a tray of sand one at a 
time and measure the craters. 
SCORE 2

Find three different-shaped plastic objects (a cube, a sphere, and a pyramid) then drop them from a height of 50cm into a tray of sand.  Measure the diameter of the crater in centimeters then compare the data.

SCORE 3

· Find three different-shaped plastic objects (a cube, a sphere, and a pyramid), but make sure they all have the same mass.

· Gently hold a meter stick vertically on top of a tray of sand. 

· Drop the cube from a height of 50cm into the tray of sand.  Measure the diameter of the crater in centimeters. Record data.

· Repeat with the sphere and record data.

· Repeat with the pyramid and record data.

· Compare data to draw a conclusion.
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MULTIPLE CHOICE QUESTIONS

[1 point each]

An experiment was performed to investigate which factors about a meteor 
affect the size of a crater by dropping objects into a tray of sand.
5) Which of the following would NOT have been a possible dependent variable for this experiment?

A) The width of the crater.

B) The depth of the crater.


C) The amount of sand sprayed up from the crater.


D) The amount of water the crater could hold.

6) Which of the following would NOT have been a possible independent variable for this experiment?


A) The mass of the object in grams.


B) The height of the object in cm.


C) The amount of sand in the tray.


D) The angle the object was dropped from.

7) In order to conduct a valid experiment using the speed of the object as the factor being tested, it would be appropriate to:


A) Use different people to drop the objects each time.


B) Drop the object from zero height as a control group.


C) Change the mass of the object at each height.


D) Use a new, different tray of sand each time the object is dropped.

8) A group did a similar experiment in which they dropped three objects of different masses that all had the same radius. The two heaviest objects produced craters that were the same width. This means that:

A) Their experiment was bad because meteors of different masses must always
      produce craters with different widths.


B) They should have measured crater depth as well as crater width.


C) Nothing is wrong with their experiment, and they didn’t need to do anything else.

D) Their experiment was bad because they should have changed the radius AND the 
      mass of the objects that they dropped.

