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Question 2: Experimental Design 12 points 
(a) For measuring the radius or diameter of rods with different radii using an appropriate tool 1 point 
 For measuring force using an appropriate tool 1 point 
 For a plausible/practical way to directly or indirectly determine maxF for a given rod 1 point 

 For attempting to reduce experimental uncertainty in an experiment that involves breaking 
the rods 

1 point 

 Example response for part (a) 
Measure the diameter D  of each rod with a ruler. 
Students should pull on the rod with the force probe until the rod breaks.  
Record the force maxF  just before breaking.  
Repeat each trial several times to reduce error.  
Then trade for a new set of rods with different radii.  
Repeat this experiment for several different radii rods.  

 

 Total for part (a) 4 points 
(b)  

For a straight-line graph marked “A” with a slope of 0

0

F
r

 
1 point 

 For a graph marked “B” that is concave up 1 point 
 For a graph marked “B” that shows a quadratic relationship at the correct points 1 point 
 For two graphs that both contain the point ( )0 0,r F  1 point 

 Example response for part (b) 

 

 

 Total for part (b) 4 points 
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(c)  For linear scales with appropriate labels and units  
AND 
for a graph where the plotted points cover at least half of the grid’s width and height 

1 point 

 For plotting the points correctly 1 point 
 For drawing a reasonable best-fit curve  1 point 
 Example response for part (c) 

 

 

 Total for part (c) 3 points 
(d)  For identifying Model B and for indicating that maxF increases as the square of the radius 

increases 

1 point 

 Example response for part (d) 

In this graph, maxF seems to be proportional to 2R , so that if we graph maxF  on the 

vertical axis and 2R  on the horizontal axis, it should show a linear graph.  

 

 Total for question 2 12 points 
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Question 2 

Note: Student samples are quoted verbatim and may contain spelling and grammatical errors. 

Overview 

Responses to this question were expected to demonstrate an understanding of Science Practice 4, 

Experimental Methods. Students designed an experiment to determine whether the relationship between two 

variables was more accurately described as linear or quadratic. Students had to realize they would need to 

perform trials with different values of the independent variable, rod thickness, to determine how thickness 

affects breaking force. The response also needed to devise practical ways to apply and measure the force 

necessary to break a rod and be specific about how that force would be applied to the rod using common 

laboratory equipment. The response needed to include steps to reduce experimental error, such as repeating 

the same measurement multiple times. 

Responses to this question were expected to demonstrate Science Practice 1, Modeling. Students were asked 

to re-express two opposing narrative models as graphical models. Students were required to sketch a graph of 

what experimental results would look like if breaking force depended on radius and what the results would 

look like if breaking force depended on area. 

Responses to this question needed to demonstrate well-developed graphing skills, such as making 

appropriately scaled axes, labeling axes, including units, and sketching an appropriate line of best fit.  

Sample: P1 Q2 A 

Score: 11 

The response did not earn the first point in part (a). Although the response does mention measuring radius 

with a ruler, the response does not refer to measuring the radius of rods with different thicknesses. The 

response earned each of the other points. 

 

Sample: P1 Q2 B 

Score: 6 

Part (a) earned 3 points. In the table, the response mentions measuring radius with a ruler. The last sentence of 

the procedure states to “repeat (the procedure) with all six tubes.” Because the response includes instructions 

to measure the radii of rods of different thicknesses with an appropriate tool, it earned the first point. In the 

table, the response mentions measuring force with “spring w/ hook and scale,” which is a spring scale, an 

appropriate tool for measuring force, so it earned the second point. The response further describes pulling the 

rod with this device. The response mentions attaching one end of the rod to a hook on the wall and the other 

end to the device used to measure force. Although the response refers to the time the tube lasts, the response 

specifically states to write down the force it took to break the tube, so it earned the third point. Although the 

response states to repeat the procedure with all six tubes, the response does not mention repeating the 

measurement with tubes of equal radius, so the fourth point was not earned. Part (b) earned 1 point. The graph 

marked A in the response is not linear, nor does it have the correct slope. The graph marked B in the response 

is concave down and does not show the correct quadratic relationship. Both graphs contain the point (r0, F0), so 

it earned this point. Part (c) earned 2 points. In this response, the scale on the vertical axis is not linear, as the 

force interval between the bottom two major grid lines is 100 N while the interval between other adjacent major 

grid lines is 200 N. The points are plotted correctly relative to the scale on the axes, so the response earned 1 

point. The best-fit line drawn in this response is appropriate for the points that are plotted, so the response 

earned 1 point. Part (d) earned no points because the response does not indicate that student B's model is more 

closely represented by the evidence shown in the graph. 
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Question 2 (continued) 

Sample: P1 Q2 C 

Score: 2 

Part (a) earned no points. The response does not mention measuring the radius with an appropriate tool and 

does not mention repeating the measurement of breaking force with identical rods. The response does not 

include an appropriate tool for measuring force and does not include a practical way to measure the breaking 

force. Part (b) earned 1 point. The response only earned the fourth point in part (b) because both graphed lines 

contain the point (r0, F0). Part (c) earned 1 point for the points being plotted correctly. The vertical axis in the 

response is not labeled, and the plotted points are connected by a series of line segments instead of a smooth 

curve, so the response did not earn these points. Part (d) earned no points because the response does not 

identify student B's model as the one most closely represented by the evidence shown in the graph. 
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