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Statistics: Linear Regression
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Exercise

Consider the following sample data for the relationship between advertising budget and sales for Product A:

Observation |1 2 3 4 5 6 7 8 9 10
?g)vert's'”g 60,000 70,000 70,000 80,000 /80,000 90,000 100,000 100,000 100,000 110,000

Sales ($) 362,000 416,000 417,000 499,000 485,000 536,000 602,000 623,000 616,000 663,000

What is the slope of the "least-squares" best-fit regression line?

Solution

Solution Commentary

@ (5:15)

Manual Solution

The equation for the best-fit regression line through a set of points is given by y = mx + b where m is the
slope and b is the y-intercept.

The slope m is given by the covariance of x and y divided by the variance of x.

The y-intercept b is given by y,yg - M * X4, Where y,,q is the mean of y, m is the slope, and X4 is the

mean of x.

We take these definitions as given without explanation and focus on computation.

We now compute the various intermediate values needed to define the equation of the regression line.

Let's compute first the means of x and y, which in our case are the advertising and sales values, respectively.
Mean of x = (60,000 + 70,000 + 70,000 + 80,000 + 80,000 + 90,000 + 100,000 + 100,000 + 100,000 +
110,000)/10

Mean of x = 86,000

Mean of y = (362,000 + 416,000 + 417,000 + 499,000 + 485,000 + 536,000 + 602,000 + 623,000 +
616,000 + 663,000)/10
Mean of y = 521,900
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Let's now compute the variance of x:

Variance of x = ((60,000 - 86,000)2 + (70,000 - 86,000)2 + (70,000 - 86,000)2 + (80,000 - 86,000)2 +
(80,000 - 86,000)2 + (90,000 - 86,000)2 + (100,000 - 86,000)2 + (100,000 - 86,000)2 + (100,000 - 86,000)
2 + (110,000 - 86,000)2)/10

Variance of x = 244,000,000

Next we compute the covariance of x and y:

Covariance of x and y = ((60,000 - 86,000)*(362,000 - 521,900) + (70,000 - 86,000)*(416,000 - 521,900)
+ (70,000 - 86,000)*(417,000 - 521,900) + (80,000 - 86,000)*(499,000 - 521,900) + (80,000 - 86,000)*
(485,000 - 521,900) + (90,000 - 86,000)*(536,000 - 521,900) + (100,000 - 86,000)*(602,000 -
521,900))/10

Covariance of x and y = 1,518,600,000

We can now put together the pieces of the regression line equation:

The slope m = 1,518,600,000/244,000,000 = 6.22
The y-intercept b = 521,900 - 6.22 * 86,000 = -13,344

The value requested in this exercise is the slope, which is 6.22

Excel Solution

The Excel solution image omits six of the data points for space reasons.

| Observation 1 2 3 4
Advertising (X) 60,000 70,000 70,000 80,000
Sales () 362,000 416,000 417,000 493,000
Square Diff. from Mean X 676,000,000 256,000,000 256,000,000 36,000,000
Square Diff. from Mean Y 25,568,010,000 11,214,810,000 11,004.,010,000 524,410,000
Diff. from Mean XY 4 157 400,000 1,694 400,000/ 1,675,400,000 137,400,000

Basic X Basic Y Basic XY

Mean 86,000 521,500
Wariance (Fopulation) 244 000,000 9,527,290,000
Std Devn (Population) 15,620 97,608
Covariance (Population) 1,518,600,000
Correlation 1.00
Slape | 6.22
Y-Intercept -13,344
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