MA206 – Probability & Statistics

Model Fitting and SSE

Last lesson, we used calculus to find the least squares regression line by hand.  Now, we will direct our attention to a technology-based alternative to solving the same type of problem.  We will use Microsoft Excel’s “Solver” feature to find the slope (m) and y-intercept (b) that yield the smallest sum of squares error (SSE) for a given bivariate data set.  Before we begin with an example, you must first activate the Solver feature within Excel.  At the top of your spreadsheet, click on “Tools” and then “Add-Ins.”  Next, make sure the “Solver Add-In” box is checked and click on “OK.”  You are now ready to begin the following exercise.

Exercise:  Given the career statistics from Nolan Ryan, let’s try to produce a line that predicts the number of wins (y) that he will have in a given year based on his number of strikeouts (x).  The data set for this exercise is a link on the syllabus web-page for lesson 3: “Data3.”  
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(1)  Let’s first enter the data into Excel and set up a column that will hold our predicted value (
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), a column that will hold our squared error 
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, a cell that will hold our sum of squared error (
[image: image3.wmf]å

=

-

n

i

i

i

y

y

1

2

)

ˆ

(

), a cell that will hold our slope (m), and a cell that will hold our y-intercept (b).  Make an initial guess for the slope and intercept.  Here, we start with an initial slope of 0.3 and a y-intercept of 1.  
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(2)  Now let’s find the predicted number of wins (
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) for each year based on the number of strikeouts (x) and our guess for the slope and y-intercept.  The formula in cell C2 should be =$G$4*A2+$G$5.  The dollar signs are present so that when we copy the formula down, G4 and G5 will not move down too.


Copy the formula down.

[image: image6.jpg]137

1.18.
499
3.76
475
511
10.87
12.49
12.01
6.58
10.81
11.23
88
7.69
7

52
835
6.49
6.91
127
6.82
91

10.03
7.96
7.09
571
238

Model Parameters

Isiope (m)

Y-int (b)

0.03

1




(3)  Next let’s find the squared error for each prediction.  The formula in cell D2 should be =(B2-C2)^2.  Copy this down and since we want to minimize the sum of all of these errors, let’s make cell F1 equal to the sum of this column.  The formula in cell F1 should be =SUM(D2:D28).
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(4)  Now let’s make a scatter plot of the data by highlighting the two columns that contain the data, clicking on the Chart Wizard icon on the upper toolbar in Excel (or clicking “Insert” – “Chart”), and selecting the “XY (Scatter)” option.  You should get the picture to the right.  Press the “Next” button, fill in the title of the chart, the label for the x-values (Strikeouts), and the label for the y-values (Wins).  It is very important that you label this graph!
[image: image8.jpg]A B C D E E G H T K L M N
so \:v MO??‘ B i 834754

§ 0 118] 13924
133 6 499 10201 Model Parameters
92 6  376| 50176 Slope (m)  0.03
125 7 ar5| 50625 Y-int (b) 1
137 10 511 239121
329) 19 1087 66.0969
383 21 1249 724201 "
367, 22 12.01)  99.8001 Nolan Ryan Stats
186 14 658 550564
327, 17 1081 383161 o
341 19 11.23| 603729
260) 10 83| 1.44 =
223 16 769 69.0561 o
200) 11 7 16 20
140| 11 5.2 33.64 X%
245, 16 835 585225 o
183 14 6.49| 56.4001 . . .
197 12 691 259081 1 e
209) 10 721| 74520 | 2 . .
194 12 682 268324 H we o s =

. . =

270) 8 9.1 1.21 -
228 12 784 17.3056 .t
301 16 10.03| 356409 " g T
232) 13 796 254016 . «a =
203 12 700 241081 5 it
157 5 571 05041 =

4 5 238 68644 =

.
0
0 50 100 150 200 250 300 350 400 450
Strikeouts
n





(5)  When you are finished, your graph should look like the picture to the right.  Next, we want to add the predicted line to the graph.  Click on the scatter plot.  When you do this you should see a blue box around the y-values associated with the scatter plot.  Now put your cursor on the top right corner of the blue box (move it around until you get the drag arrow) and drag the blue box so it includes columns B and C.
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(6)  Your graph should now look like the one to the right.  In order to change the points for the predictions into an actual line, right click on one of the “Series 2” data points, click on “Format Data Series”,  and click on the “Patterns” tab (see below).
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(7)  Now make the following changes:  change Line to “Custom,” change the line color from pink to black, change Marker to “None,” and then click “OK.”  Your graph should now look like the one below.
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(8)  This is the line that we “guessed” would be a good predictor for the data.  Since it is not the best, try changing the two parameters (m and b) in order to make it better.  When you make changes to the slope and the y-intercept, the picture and the sum of the squared error (SSE) will also change.  Try to change the parameters in order to get a better “fit” for the data.  Remember that we are measuring the goodness of fit by the line that gives us the smallest SSE. 
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(9)  Finally, we want to use the Solver feature in Excel to find the best parameters (m and b) for the line.  We do this by clicking on “Tools” – “Solver” and then making the following entries:  change “Set Target Cell:” to $F$1 (the cell that contains SSE), change the “Equal To:” radio button to Min, and set “By Changing Cells:” to $G$4:$G$5 (the cells that contain the parameters you want to change, m and b).  Finally, click on “Solve” and accept changes.  Your final solution should look like the one below.
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(10)  The minimum SSE for this problem is 157.71.  The parameters of the line that gives us this SSE are as follows:

	Slope (m)
	0.050254

	Y-int (b)
	1.36474


We will use this method again in the next several lessons to fit other functions to data.  You must be proficient and understand why we are using this procedure in order to understand future lessons.

*NOTE:  When we return to the topic of simple linear regression later in this course, Chapter 12 of Devore represents the parameters of the line as β1 and β0 instead of m and b.  This is a very minor change in notation and you should recognize that β1 is the slope and β0 is the y-intercept of the least squares regression line.
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