Getting Closer	HL101 scoring rubric

Math Domain

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

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

��Scale�(�Reference Frame�(�Representation�����������(�Continuity�(�Boundedness�(�Invariance/Symmetry�����������(�Equivalence�(�General/Particular��Contradiction�����������(�Use of Limits��Approximation��Other����������This problem is intended to assess the ability to connect analytic knowledge of continuity, domain, limits and operations among functions to the visual ‘position’ of the function on the coordinate system. The problem is phrased in the reverse direction from the similar traditional problems: it asks students to invent the functions that would fit the problem (rather than to find the asymptotes by known algorithms). It therefore demonstrates the creativity and the variety of ideas that students have about sketching.

Note that there are many possible answers in each case; the functions presented here are just examples.

1.	 Here is one strategy that works (there are certainly others):

	Start with the horizontal asymptote, e.g. �EMBED Equation.3���. The other two can be created using this function’s expression and graph.

	The vertical asymptote can be an asymptote to the inverse function �EMBED Equation.3���.

	The oblique or diagonal can be created by adding an x; �EMBED Equation.3���.

	There are other aspects that are worth exploring; for example, creating functions that would approach the single asymptote from both sides, such as

	�EMBED Equation.3��� (which is also the derivative of the original f(x)).

	Students are expected to prove the existence of the ‘guessed’ asymptotes using either calculus or less formal numerical considerations. 

�

2.	 Starting this time with the perpendicular asymptotes, we are looking for a function that is not defined between two values. This leads to the consideration of square root function such as �EMBED Equation.3���. Try the reciprocal function �EMBED Equation.3���. The function exists in two regions (the outside). However, there is an horizontal asymptote as well. Another try may use similar considerations, however, this time we will look at a function that only exists in the central region

	�EMBED Equation.3��� (note the reverse order in the denominator)

	A function that exists in all three regions and still has 2 parallel vertical asymptotes is �EMBED Equation.3���

	The case of the horizontal asymptotes is more interesting since it often leads to the conclusion that there is no function that can fit the conditions. One option is to change variables between x and y (in other words, take the inverse function) from the vertical asymptotes

	�EMBED Equation.3���. This function exists in the single, central region. 

	The oblique diagonal pair can bound the function 

	�EMBED Equation.3���



3.	Two intersecting asymptotes are relatively easy when looking for functions in two opposite regions, and one may want to differentiate between the perpendicular and the ‘any angle’ of intersection:

	�EMBED Equation.3���or any variation would lead two perpendicular asymptotes,

.	�EMBED Equation.3��� for ‘any angle’.

	One region is harder to find but possible:

	�EMBED Equation.3���.

	Four regions are clearly not a function of a single variable and that may be the time to think about an equation in two variables (or loci) such as �EMBED Equation.3���. 

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

(weight: 1)�

No partial.



�

Give examples that demonstrate the correct understanding of asymptotes, i.e. a good mental model.



��Transforming/�Manipulating

(weight: 2)�Provide some, but not all correct examples and sketches.



In 3, provide examples that only consider two regions.�Provide correct expressions and sketches for all three cases.



In 3, provide at least four different examples, or give two examples and arguments as to why the other two cannot be found.��Inferring/�Drawing Conclusions

(weight: 3)�Give proofs for the given examples but no argumentation.

or

Give proofs and correct argumentation but no generalization among the different cases.

or

Give incomplete proofs.�For each question, provide full proofs (symbolic or verbal explanations) of why the function fulfills the requirements.

Draw connections between the three cases, and give theoretical descriptions of more possible examples, as well as discussion and argumentation for impossible cases.��Communicating

(weight: 1)�Answer using only one representation (expression or graph).�Use various representations to describe the conclusions.��
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