(4) Describe what a regression line is and explain how 1t is used.
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(5) Given a set of points {(z1,y1), ..., (Tn,yn)}, the regression line y = ax + b for constants a and b can
be calculated using matrices. This problem will walk you through an example calculation with a data
set of two points.

(a) Let (3,350) and (5,270) represent the population size of an elk herd in a region 3 years after
2015 and 5 years after 2015 respectively. Assume that there exists a line passing through the two
points. Express that line as y = ax + b for constants a and b. This is our regression line.

Write down a system of equations, using a and b as variables, using that the two points are on
the line y = ax + 0.
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(b) Rewrite the system using matrices.
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(c) Let M be the coefficient matrix and y be the column vector of y-values from part (b). Then,
solution can be calculated by

( Z ) = (M"M) 'M'"y.

Find a and b using this method.
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(d) Use your answer in the previous part to construct the equation for the regression line.
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(e) How can you verify your equation? (There are a number of ways to do this. Give at least one.)
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(f) Since the data set only involves two points, the regression line will contain those two pomts If
there are three or more points, the regression line may not pass through all of our points. This is
where the term ”best fit” comes in.

Provide a sketch of the graph containing the following: (1) the two given points from part (a)
and (2) the regression line we’ve found.
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(6) The table below gives the tree diameters measured in inches at breast height and the corresponding
density of trees per area in a region.

Diameter (in) 229 30.0 | 27.8 | 24.1 | 28.2
Density (trees/acre) | 31.5 | 18.3 | 21.3 | 28.4 | 20.7

(a) Explain, in words, a general relationship between tree diameter and density. e.g. As tree diameter
increases, what happens to density? ” dﬁ\g\\”
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(b) Let x represent the tree diameters and y represent density. Flnd a regression line y = ax + b using
the method from Problem (5).
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(¢) Predict, using the regression line you’ve found in part (c), the density of trees that have a diameter
at breast height of 25 inches.
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(d) Provide a (reasonable) range of values for the density of trees that have a diameter of at least 25
inches.
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(e) Predict, using the regression line you’ve found in part (c), the tree diameter if the tree density is
15 trees per acre.
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(7) The table below provides data for the length of a snake (species Vipera Bertis) to its weight.

Length (cm) | 60 | 66 | 64 | 54 | 67
Weight (g) | 136 | 194 | 140 | 93 | 172

(a) Let x represent the length data and y represent the weight data. Using the method presented in
Problem (5), construct the regression line y = ax + b relating snake length with snake weight.
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(b) Using the regression line you’ve found, predict the length of a snake that weighs 50 grams.
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