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This problem is designed to assess students’ ideas about fitting a function to data. The problem is posed in a context, rather than with abstract numerical data. It is intended to elicit non-numerical approaches as well as numerical solutions.


1.	Here is one reasonable way to organize the towns on a coordinate system. �EMBED Word.Picture.8���


a.	Assume that the line has to go through the (0,0) town, which would simplify the optimization later.


	One criterion might be to place a straight road along a line whose slope is the average of the various slopes from (0,0) to the other 3 points:


	�EMBED Equation.3���


	Is this a good fit? 





	Another criterion might be distances from the point to a line: �EMBED Equation.3���. If you take vertical differences as measure of distance, then in our example the result is


			�EMBED Equation.3���


	You may argue that the line with the ‘average’ distance is the best fit. This is, however, a problematic measure, first because it is linear in a and cannot be minimized, and secondly because there is a problem of signed distances; in the example you can surmise the signs of the distances, but in general it may not be possible to do so.


	Students may think about absolute values or squares of the distances. Another consideration is whether there is a reason to take another ‘distance’ (orthogonal to the line for example).


	If one takes the squares of the orthogonal distances and minimize it in terms of the slope a one performs the ‘least-squares’ or linear regression fit.


	�EMBED Equation.3���


	�EMBED Equation.3���


b.	Once the restriction of part a. is removed, it is possible to use a similar method with two variables i.e. slope and an intercept on one axis. We assume that students are unlikely to do this, but will rather make a more qualitative argument.


c.	Possible criteria are:


	A circle that passes through as many towns as possible. There are four such possibilities. A criterion to prefer one over the others might be how close the fourth town is from the circular route.


	Another criterion might be a route that does not pass through any of the towns but is close to all of them. It could be an inscribed circle in the quadrilateral, if such exists.


2.	Answers here will vary according to the previously suggested algorithms. The most likely answer will probably be that the point has to be on the line. However, if the average slope is suggested, then the question becomes what additional slope value (contributed by the new town) will maintain the value of the average slope. 





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


(weight: 2�
Provide relevant descriptions of only some of the required considerations.�
Use a relevant coordinate system to describe the town , or describe the situations in terms of geometric shape (such as a quadrilateral and diagonals). Use relevant criteria for fit such as distance or slope.


�
�
Transforming/�Manipulating


(weight: 3)�
Provide incomplete numerical measure of “best fit”,


or


 incorrect computation of the goodness of fit.





�
Correctly define and calculate the criterion of goodness of fit.�
�
Inferring/�Drawing Conclusions


(weight: 4)�
Discuss only part of the possible arrangements. �
Discuss extreme cases and trivial conditions. Show how those situations would be expressed in the best-fit criteria.


�
�
Communicating


(weight: 2)�
Give all descriptions either in terms of context or in terms of the mathematical analysis, but not both.�
Clearly describe, in terms of both the context and in terms of the chosen mathematical reference system, why the suggested solution is relevant. �
�
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