Bumpy-Ness	HL004 scoring rubric

Math Domain

��Number/Quantity�(�Shape/Space��Function/Pattern������������Chance/Data��Arrangement����Math Actions (possible weights: 0 through 4)

�4�Modeling/Formulating�1�Manipulating/Transforming���������2�Inferring/Drawing Conclusions�3�Communicating��Math Big Ideas

��Scale��Reference Frame�(�Representation������������Continuity��Boundedness�(�Invariance/Symmetry������������Equivalence�(�General/Particular��Contradiction������������Use of Limits��Approximation��Other����������1.	The golf ball is smaller than the orange but has larger indentations, so the golf ball is bumpier than the orange.

2.	There are many possible reasonable ways of defining bumpy-ness. Most commonly one finds an expression of relationship between the radius (or diameter), circumference, or surface area of the sphere, and the depth of the deformations. For example, a possible definition might be

	�EMBED Equation.3���

	A desirable property for any such measure is invariance under changes in scale (i.e., that geometrically similar objects have the same bumpy-ness). Measures with this property include the following quotients: �EMBED Equation.3���; �EMBED Equation.3���.

3.	Using the �EMBED Equation.3��� measure, the bumpy-ness of the orange is about 0.03, and the bumpy-ness of the golf ball is about 0.07.

4.	Any spherical object may be substituted for the puff-fish in this question (e.g. sea urchin, chestnut husk, etc.) but the deformation must be easily measurable. Alternatively, this question might be eliminated. However, bear in mind that it was inserted in order to bridge to part 5 of this task.

5.	The deepest indentation in the earth, the Mariana Trench, is about 11 km deep. The radius of the earth is about 6378 km, so by the �EMBED Equation.3��� measure, the bumpy-ness of the earth is �EMBED Equation.3���. By this measure, the earth is considerably less bumpy than the orange, the golf ball, or the puff-fish.

�partial level�full level��Modeling/�Formulating

(weight: 4)�Devise a measure of bumpy-ness.�Devise a measure of bumpy-ness that is scale invariant (gives the same value for similar objects).

Note: a measure that isn’t scale invariant might be acceptable if adequately justified. ��Transforming/�Manipulating

(weight: 1)��Accurately evaluate the bumpy-ness of the orange, the golf ball, the puff fish (if available) and the earth.��Inferring/�Drawing Conclusions

(weight: 2)��Effectively extend the procedure for relatively smooth objects such as golf balls and oranges to puff-fish or sea urchins. ��Communicating

(weight: 3)�Accurately communicate numerical measures for the orange, the golf ball, the puff fish (if available), and the earth.�Give a careful and complete description of a measure of bumpy-ness.

Clearly indicate how the numerical bumpy-ness values are obtained. ��
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