	Linear Regression:  Paired Data and Line Fitting





Reference:	Quantitative Literacy Series - Exploring Data, Sections VI and VII, pages 83-137.





Review of Prerequisites:



1.	A linear function is a function that may be defined by a function rule of the form   f(x) = ax + b  where  a  and  b  are real numbers.  The graph of a linear function is a non-vertical straight line.  



2.	The slope of a line is the ratio of the vertical change to the horizontal change in the coordinates when moving from one point to another point on the line.   The            y-intercept of a line is the point where its graph intersects (or crosses) the y-axis.  

The slope of the line that is the graph of   f(x) = ax + b  is  a  and the y-intercept is the point  (0,b).



3.	Paired data are ordered pairs of numbers that are related in some way.  Usually, the numbers represent two measurements related to the same person or thing.  A scatter plot of paired data is a graph of the ordered pairs.



4.	Regression analysis is the process of finding an approximating function to a set of paired data.  The function is used for estimation and prediction.



5.	If the function defined by  y = f(x)  is used to model a set of paired data, the sum of squares for error  is the sum of the squares of the differences of the y-coordinates of the data pairs from the values predicted by  f  for the corresponding  x-coordinates.  

Example:  The following statistics were reported in The State on Sunday, March 20, 1994, showing the number of prison inmates per 100,000 residents in South Carolina.			
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If the function  f(x) = 22x - 170  is used to approximate the ordered pairs  (x,y)  in the table above, the sum of squares for error may be computed as demonstrated in the following table:
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6.	The least-squares line of fit for a set of paired data is the linear function for which the sum of squares for error is the smallest possible (or is minimum).



7.	The residuals for a regression line are the differences between the y-coordinates of the data pairs and the linear function values for the corresponding x-coordinates.



In the example in (5), the residuals are found in the column headed  y - f(x).



8.	The (linear) correlation coefficient for the variables  x  and  y is a number between  -1  and  1  that measures the strength of the linear relationship between  x  and  y.  



If the value of the correlation coefficient, r  or  corr(x,y), is near  1, there is a strong positive linear relationship between  x  and  y.  This means that, as  x  increases,  y  most surely does, too.  If  r (or corr(x,y)) is  -1, there is a strong negative linear relationship between  x  and  y.  In this case, an increase in  x  is almost surely accompanied by a decrease in  y.  If  r (or corr(x,y)) is near  0, the value of  y  cannot be predicted from the value of  x.



Often, two different quantities are related.  Older children are usually bigger.  Older antiques are usually more valuable.  Heavier cars usually use more gas.  With paired data analysis, we can answer, "How much bigger?  How much more valuable?  How much more gas?"



If, for example, an equation of the form  weight = 10 *(age) - 20  (a linear function of age) reasonably well predicts a child's weight when his/her age is known, weight and age may be described as linearly related.  The graph of (height,weight) data for a group of children might resemble the following:	

�� EMBED Word.Picture.6  ���



If, however, the same variables are studied for students through college, the graph might look like the following.  No linear function could reasonably well represent it.

	� EMBED Word.Picture.6  ���



Objectives:



1.	To develop an understanding for the fitting of lines to data, and the application of the process;

2.	To develop an understanding of the median fit line and the least squares line;

3.	To develop an understanding for the application of correlation coefficient.



Materials:



1.	TI82 calculator

2.	Minitab software and computer
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