
Lesson 5: Optimization and Forecasting 
 

5.1. Determine the value of the coefficient of correlation, r, for the 

following data. 
 

X 4 6 7 11 14 17 21 

Y 18 12 13 8 7 7 4 

 

Solution: 

To calculate the coefficient of correlation (r), we first need to find the 

means, standard deviations, and covariance of the two variables X and Y. 

 

Using the following formulas: 

 

Mean of X (μx) = ΣX / n 

Mean of Y (μy) = ΣY / n 

Standard deviation of X (σx) = sqrt[Σ(X - μx)^2 / (n-1)] 

Standard deviation of Y (σy) = sqrt[Σ(Y - μy)^2 / (n-1)] 

Covariance of X and Y (cov) = Σ[(X - μx)(Y - μy)] / (n-1) 

 

Where Σ represents the sum of the values, and n is the number of values. 

 

Using the given data, we can calculate the following: 

 

Mean of X (μx) = (4+6+7+11+14+17+21) / 7 = 12 

Mean of Y (μy) = (18+12+13+8+7+7+4) / 7 = 10 

Standard deviation of X (σx) = sqrt[((4-12)^2 + (6-12)^2 + (7-12)^2 + (11-

12)^2 + (14-12)^2 + (17-12)^2 + (21-12)^2) / 6] = 6.6 

Standard deviation of Y (σy) = sqrt[((18-10)^2 + (12-10)^2 + (13-10)^2 + (8-

10)^2 + (7-10)^2 + (7-10)^2 + (4-10)^2) / 6] = 4.1 

Covariance of X and Y (cov) = [(4-12)(18-10) + (6-12)(12-10) + (7-12)(13-10) + 

(11-12)(8-10) + (14-12)(7-10) + (17-12)(7-10) + (21-12)(4-10)] / 6 = -37 

 

Now we can use the formula for the coefficient of correlation: 

 

r = cov / (σx * σy) 

 

Plugging in the values we calculated, we get: 



 

r = -37 / (6.6 * 4.1) ≈ -0.91 

 

Therefore, the value of the coefficient of correlation (r) for the given data 

is approximately -0.91. This indicates a strong negative correlation 

between X and Y, meaning that as X increases, Y tends to decrease. 

 

5.2. Determine the value of r for the following data. 
 

X 158 296 87 110 436 

Y 349 510 301 322 550 

 

Solution: 

To calculate the coefficient of correlation (r), we first need to find the 

means, standard deviations, and covariance of the two variables X and Y. 

 

Using the following formulas: 

 

Mean of X (μx) = ΣX / n 

Mean of Y (μy) = ΣY / n 

Standard deviation of X (σx) = sqrt[Σ(X - μx)^2 / (n-1)] 

Standard deviation of Y (σy) = sqrt[Σ(Y - μy)^2 / (n-1)] 

Covariance of X and Y (cov) = Σ[(X - μx)(Y - μy)] / (n-1) 

 

Where Σ represents the sum of the values, and n is the number of values. 

 

Using the given data, we can calculate the following: 

 

Mean of X (μx) = (158+296+87+110+436) / 5 = 217.4 

Mean of Y (μy) = (349+510+301+322+550) / 5 = 406.4 

Standard deviation of X (σx) = sqrt[((158-217.4)^2 + (296-217.4)^2 + (87-

217.4)^2 + (110-217.4)^2 + (436-217.4)^2) / 4] = 138.2 

Standard deviation of Y (σy) = sqrt[((349-406.4)^2 + (510-406.4)^2 + (301-

406.4)^2 + (322-406.4)^2 + (550-406.4)^2) / 4] = 97.4 

Covariance of X and Y (cov) = [(158-217.4)(349-406.4) + (296-217.4)(510-

406.4) + (87-217.4)(301-406.4) + (110-217.4)(322-406.4) + (436-217.4)(550-

406.4)] / 4 = 69182.5 

 

Now we can use the formula for the coefficient of correlation: 



 

r = cov / (σx * σy) 

 

Plugging in the values we calculated, we get: 

 

r = 69182.5 / (138.2 * 97.4) ≈ 0.96 

 

Therefore, the value of the coefficient of correlation (r) for the given data 

is approximately 0.96. This indicates a strong positive correlation between 

X and Y, meaning that as X increases, Y tends to increase. 

 

5.3. In an effort to determine whether any correlation exists between the 

price of stocks of airlines, an analyst sampled six days of activity of the 

stock market spread out over 4 months. Using the following prices of 

Delta stock and Southwest stock, compute the coefficient of correlation. 

Stock prices have been rounded off to the nearest tenth for ease of 

computation. 
 

DELTA SOUTHWEST 

45.96 38.76 

50.14 45.41 

47.93 45.74 

51.78 49.58 

52.17 44.34 

46.96 42.68 

Solution: 

To compute the coefficient of correlation (r) for the given data, we need to 

first calculate the means, standard deviations, and covariance of the two 

variables (Delta and Southwest stock prices) using the following formulas: 

 

Mean of Delta (μd) = Σd / n 

Mean of Southwest (μs) = Σs / n 

Standard deviation of Delta (σd) = sqrt[Σ(d - μd)^2 / (n-1)] 

Standard deviation of Southwest (σs) = sqrt[Σ(s - μs)^2 / (n-1)] 

Covariance of Delta and Southwest (cov) = Σ[(d - μd)(s - μs)] / (n-1) 

 



where Σ represents the sum of the values, n is the number of values, d 

represents the Delta stock prices, and s represents the Southwest stock 

prices. 

 

Using the given data, we can calculate the following: 

 

Mean of Delta (μd) = (45.96+50.14+47.93+51.78+52.17+46.96) / 6 ≈ 49.4 

Mean of Southwest (μs) = (38.76+45.41+45.74+49.58+44.34+42.68) / 6 ≈ 

44.9 

Standard deviation of Delta (σd) = sqrt[((45.96-49.4)^2 + (50.14-49.4)^2 + 

(47.93-49.4)^2 + (51.78-49.4)^2 + (52.17-49.4)^2 + (46.96-49.4)^2) / 5] ≈ 2.94 

Standard deviation of Southwest (σs) = sqrt[((38.76-44.9)^2 + (45.41-

44.9)^2 + (45.74-44.9)^2 + (49.58-44.9)^2 + (44.34-44.9)^2 + (42.68-44.9)^2) 

/ 5] ≈ 3.53 

Covariance of Delta and Southwest (cov) = [(45.96-49.4)(38.76-44.9) + 

(50.14-49.4)(45.41-44.9) + (47.93-49.4)(45.74-44.9) + (51.78-49.4)(49.58-

44.9) + (52.17-49.4)(44.34-44.9) + (46.96-49.4)(42.68-44.9)] / 5 ≈ -5.11 

 

Now we can use the formula for the coefficient of correlation: 

 

r = cov / (σd * σs) 

 

Plugging in the values we calculated, we get: 

 

r = -5.11 / (2.94 * 3.53) ≈ -0.49 

 

Therefore, the coefficient of correlation (r) for the given data is 

approximately -0.49, indicating a moderate negative correlation between 

Delta and Southwest stock prices. This means that as the price of Delta 

stock increases, the price of Southwest stock tends to decrease, and vice 

versa. However, we should note that with only six data points, the sample 

size is relatively small, and the coefficient of correlation may not be fully 

representative of the true population correlation. 

 

 

5.4. The following data are the claims (in $ millions) for BlueCross 

BlueShield benefits for nine states, along with the surplus (in $ millions) 

that the company had in assets in those states. 
 



STATE CLAIMS SURPLUS 

Alabama ,425 7 

Colorado 273  100 

Florida 915  120 

Illinois 1,687  259 

Maine 234   40 

Montana 142   25 

North Dakota 259   57 

Oklahoma 258   31 

Texas 894  141 

 

Use the data to compute a correlation coefficient, r, to determine the 

correlation between claims and surplus. 

Solution: 

To compute the correlation coefficient (r) between claims and surplus for 

the given data, we need to first calculate the means, standard deviations, 

and covariance of the two variables (claims and surplus) using the 

following formulas: 

 

Mean of claims (μc) = Σc / n 

Mean of surplus (μs) = Σs / n 

Standard deviation of claims (σc) = sqrt[Σ(c - μc)^2 / (n-1)] 

Standard deviation of surplus (σs) = sqrt[Σ(s - μs)^2 / (n-1)] 

Covariance of claims and surplus (cov) = Σ[(c - μc)(s - μs)] / (n-1) 

 

where Σ represents the sum of the values, n is the number of values, c 

represents the claims, and s represents the surplus. 

 

Using the given data, we can calculate the following: 

 

Mean of claims (μc) = (425+273+915+1687+234+142+259+258+894) / 9 ≈ 

613.2 

Mean of surplus (μs) = (7+100+120+259+40+25+57+31+141) / 9 ≈ 74.1 

Standard deviation of claims (σc) = sqrt[((425-613.2)^2 + (273-613.2)^2 + 

(915-613.2)^2 + (1687-613.2)^2 + (234-613.2)^2 + (142-613.2)^2 + (259-

613.2)^2 + (258-613.2)^2 + (894-613.2)^2) / 8] ≈ 534.8 



Standard deviation of surplus (σs) = sqrt[((7-74.1)^2 + (100-74.1)^2 + (120-

74.1)^2 + (259-74.1)^2 + (40-74.1)^2 + (25-74.1)^2 + (57-74.1)^2 + (31-

74.1)^2 + (141-74.1)^2) / 8] ≈ 57.1 

Covariance of claims and surplus (cov) = [ (425-613.2)(7-74.1) + (273-

613.2)(100-74.1) + (915-613.2)(120-74.1) + (1687-613.2)(259-74.1) + (234-

613.2)(40-74.1) + (142-613.2)(25-74.1) + (259-613.2)(57-74.1) + (258-

613.2)(31-74.1) + (894-613.2)(141-74.1) ] / 8 ≈ 47202.1 

 

Now we can use the formula for the correlation coefficient: 

 

r = cov / (σc * σs) 

 

Plugging in the values we calculated, we get: 

 

r = 47202.1 / (534.8 * 57.1) ≈ 0.75 

 

Therefore, the correlation coefficient (r) between claims and surplus for 

the given data is approximately 0.75, indicating a strong positive 

correlation between the two variables. This means that as claims increase 

in a state, the surplus tends to increase as well, and vice versa. This 

suggests that the company is managing its assets well and is able to 

maintain a surplus in the face of increased claims. 

 

 

5.5. The National Safety Council released the following data on the 

incidence rates for fatal or lost-worktime injuries per 100 employees for 

several industries in three recent years. 
 

INDUSTRY YEAR 1 YEAR 2 YEAR 3 

Textile  .46  .48  .69 

Chemical  .52  .62  .63 

Communication  .90  .72  .81 

Machinery 1.50 1.74 2.10 

Services 2.89 2.03 2.46 

Nonferrous metals 1.80 1.92 2.00 

Food 3.29 3.18 3.17 

Government 5.73 4.43 4.00 



 

Compute r for each pair of years and determine which years are most 

highly correlated. 

Solution: 

To determine the correlation coefficient between each pair of years, we 

can use the formula: 

 

$r = \frac{n\sum xy - \sum x \sum y}{\sqrt{(n\sum x^2 - (\sum x)^2)(n\sum 

y^2 - (\sum y)^2)}}$ 

 

where $n$ is the number of observations (in this case, the number of 

industries, which is 8). 

 

We can set up the following table to calculate the necessary sums: 

 
Now we can calculate the correlation coefficient for each pair of years: 

 

For Year 1 and Year 2: 

 

$r = \frac{(8)(70.04) - (16.09)(14.12)}{\sqrt{(8)(59.79) - 

(16.09)^2}\sqrt{(8)(51.12) - (14.12)^2}} \approx 0.937$ 

 

For Year 1 and Year 3: 

 



$r = \frac{(8)(70.04) - (16.09)(15.76)}{\sqrt{(8)(59.79) - 

(16.09)^2}\sqrt{(8)(51.12) - (15.76)^2}} \approx 0.901$ 

 

For Year 2 and Year 3: 

 

$r = \frac{(8)(70.04) - (14.12)(15.76)}{\sqrt{(8)(51.12) - 

(14.12)^2}\sqrt{(8)(59.79) - (15.76)^2}} \approx 0.894$ 

 

We see that the correlation between Year 1 and Year 2 is the highest, with 

a correlation coefficient 

 

5.6. Sketch a scatter plot from the following data, and determine the equation of 

the regression line. 

 

x 12 21 28 8 20 

y 17 15 22 19 24 

Solution: 

To create a scatter plot, we will plot each (x,y) pair as a point in a coordinate 

plane. 

 



Now we can find the equation of the regression line using the least squares 

method. We have: 

x-bar = (12 + 21 + 28 + 8 + 20)/5 = 17.8 

y-bar = (17 + 15 + 22 + 19 + 24)/5 = 19.4 

 

The sample covariance is: 

s_xy = ((12-17.8)*(17-19.4) + (21-17.8)*(15-19.4) + (28-17.8)*(22-19.4) + (8-

17.8)*(19-19.4) + (20-17.8)*(24-19.4))/4 = 34.4 

 

The sample variance of x is: 

s_x^2 = ((12-17.8)^2 + (21-17.8)^2 + (28-17.8)^2 + (8-17.8)^2 + (20-17.8)^2)/4 = 

43.76 

 

The equation of the regression line is: 

y = b_0 + b_1*x 

 

where: 

b_1 = s_xy / s_x^2 = 34.4 / 43.76 = 0.786 

 

and 

b_0 = y_bar - b_1*x_bar = 19.4 - 0.786*17.8 = 6.15 

 

Therefore, the equation of the regression line is: 

y = 0.786x + 6.15 

 

 

 

5.7. Sketch a scatter plot from the following data, and determine the equation of 

the regression line. 

 

x 140 119 103 91 65 29 24 

y 25 29 46 70 88 112 128 

Solution: 

To create a scatter plot, we need to plot the points with their corresponding x 

and y values. Here are the points: 

 

(140, 25), (119, 29), (103, 46), (91, 70), (65, 88), (29, 112), (24, 128) 

 

We can then plot these points on a graph and connect them to form a scatter 

plot: 

 



 
To determine the equation of the regression line, we can use the least squares 

method. We can start by calculating the means of x and y: 

 

mean of x = (140 + 119 + 103 + 91 + 65 + 29 + 24) / 7 = 83.57 

mean of y = (25 + 29 + 46 + 70 + 88 + 112 + 128) / 7 = 77.14 

 

Next, we can calculate the deviations of x and y from their means, as well as the 

product of these deviations: 

x     y    (x - x̄)    (y - ȳ)    (x - x̄)(y - ȳ) 

140   25    56.43     -52.14     -2941.99 

119   29    35.43     -48.14     -1705.01 

103   46    19.43     -31.14      -605.66 

91    70     7.43      -7.14       -53.14 

65    88   -18.57      10.86     -201.20 

29    112  -54.57      34.86    -1903.53 

24    128  -59.57      50.86    -3035.10 

 

We can then sum the squared deviations of x and y from their means, as well as 

the products of the deviations: 

∑(x - x̄)² = 10692.29 

∑(y - ȳ)² = 19831.43 

∑(x - x̄)(y - ȳ) = -10339.63 

 

Using these values, we can calculate the slope of the regression line: 



b = ∑(x - x̄)(y - ȳ) / ∑(x - x̄)² = -10339.63 / 10692.29 ≈ -0.966 

 

We can then use the slope to calculate the y-intercept: 

a = ȳ - b * x̄ = 77.14 - (-0.966) * 83.57 ≈ 162.82 

 

So the equation of the regression line is: 

y = -0.966x + 162.82 

 

We can verify this equation by plugging in some x values and seeing if the 

corresponding y values are on the line. For example, if we plug in x = 140, we 

get: 

y = -0.966 * 140 + 162.82 ≈ 

 

 

5.8. A corporation owns several companies. The strategic planner for the 

corporation believes dollars spent on advertising can to some extent be a 

predictor of total sales dollars. As an aid in long-term planning, she gathers the 

following sales and advertising information from several of the companies for 

2016 ($ millions). 

 

ADVERTISING SALES 

12.5 148 

 3.7  55 

21.6 338 

60.0 994 

37.6 541 

 6.1  89 

16.8 126 

41.2 379 

 

Develop the equation of the simple regression line to predict sales from 

advertising expenditures using these data. 

Solution: 

 

To develop the equation of the simple regression line to predict sales from 

advertising expenditures, we need to find the slope and the intercept of the line. 

 

Let x be the advertising expenditures, and y be the sales. We have the following 

data: 

 



x = {12.5, 3.7, 21.6, 60.0, 37.6, 6.1, 16.8, 41.2} 

y = {148, 55, 338, 994, 541, 89, 126, 379} 

 

We first calculate the means of x and y: 

 

x̄ = (12.5 + 3.7 + 21.6 + 60.0 + 37.6 + 6.1 + 16.8 + 41.2) / 8 = 26.05 

ȳ = (148 + 55 + 338 + 994 + 541 + 89 + 126 + 379) / 8 = 346.125 

 

Then, we calculate the sums of squares: 

 

SSxx = Σ(xi - x̄)² = (12.5 - 26.05)² + (3.7 - 26.05)² + ... + (41.2 - 26.05)² = 5834.42 

SSyy = Σ(yi - ȳ)² = (148 - 346.125)² + (55 - 346.125)² + ... + (379 - 346.125)² = 

318427.50 

SSxy = Σ(xi - x̄)(yi - ȳ) = (12.5 - 26.05)(148 - 346.125) + ... + (41.2 - 26.05)(379 - 

346.125) = 108218.43 

 

The slope of the regression line is given by: 

 

b = SSxy / SSxx = 108218.43 / 5834.42 = 18.543 

 

The intercept of the regression line is given by: 

 

a = ȳ - b x̄ = 346.125 - 18.543 × 26.05 = -77.080 

 

Therefore, the equation of the simple regression line to predict sales from 

advertising expenditures is: 

 

y = -77.080 + 18.543x 

 

This equation can be used to predict the sales for a given advertising 

expenditure. 

 

 

 

 

5.9. Investment analysts generally believe the interest rate on bonds is inversely 

related to the prime interest rate for loans; that is, bonds perform well when 

lending rates are down and perform poorly when interest rates are up. Can the 

bond rate be predicted by the prime interest rate? Use the following data to 

construct a least squares regression line to predict bond rates by the prime 

interest rate. 

 



BOND RATE PRIME INTEREST RATE 

 5% 16% 

12   6  

 9   8  

15   4  

 7   7  

Solution: 

To construct a least squares regression line to predict bond rates by the prime 

interest rate, we need to calculate the slope and intercept of the line using the 

following formulas: 

 

slope, b = r(sy / sx) 

 

intercept, a = ȳ - bẋ 

 

where r is the correlation coefficient, sy is the standard deviation of y, sx is the 

standard deviation of x, ȳ is the mean of y, and ẋ is the mean of x. 

 

First, we need to calculate the means, standard deviations, and correlation 

coefficient of the data: 

 

BOND RATE PRIME INTEREST RATE 

 5% 16% 

12   6  

 9   8  

15   4  

 7   7  

 

x: PRIME INTEREST RATE 

mean(ẋ) = (16 + 6 + 8 + 4 + 7) / 5 = 8.2 

standard deviation(sx) = sqrt([1/4] * [(16 - 8.2)^2 + (6 - 8.2)^2 + (8 - 8.2)^2 + (4 - 

8.2)^2 + (7 - 8.2)^2]) = 4.45 

 

y: BOND RATE 

mean(ȳ) = (5 + 12 + 9 + 15 + 7) / 5 = 9.6 

standard deviation(sy) = sqrt([1/4] * [(5 - 9.6)^2 + (12 - 9.6)^2 + (9 - 9.6)^2 + (15 - 

9.6)^2 + (7 - 9.6)^2]) = 3.81 

 

r = [1/4 * (16-8.2)(5-9.6) + (6-8.2)(12-9.6) + (8-8.2)(9-9.6) + (4-8.2)(15-9.6) + (7-

8.2)(7-9.6)] / (4 * 4.45 * 3.81) = -0.957 

 



Now we can calculate the slope and intercept: 

 

b = -0.957(3.81 / 4.45) = -0.820 

a = 9.6 - (-0.820)(8.2) = 16.8 

 

Therefore, the equation of the least squares regression line to predict bond 

rates by the prime interest rate is: 

 

y = 16.8 - 0.820x 

 

This equation suggests that as the prime interest rate increases, bond rates will 

decrease. 

 

5.10. Is it possible to predict the annual number of business bankruptcies by the 

number of firm births (business starts) in the United States? The following data, 

published by the U.S. Small Business Administration, Office of Advocacy, are 

pairs of the number of business bankruptcies (1000s) and the number of firm 

births (10,000s) for a six-year period. Use these data to develop the equation of 

the regression model to predict the number of business bankruptcies by the 

number of firm births. Discuss the meaning of the slope. 

 

BUSINESS BANKRUPTCIES (1000) FIRM BIRTHS (10,000) 

34.3 58.1 

35.0 55.4 

38.5 57.0 

40.1 58.5 

35.5 57.4 

37.9 58.0 

Solution: 

 

To determine if it is possible to predict the annual number of business 

bankruptcies by the number of firm births, we need to develop a regression 

model using the given data. Let the number of firm births be denoted by x and 

the number of business bankruptcies be denoted by y. We can use the least 

squares method to find the regression line that best fits the data. 

 

Using a statistical software, we find that the equation of the regression line is: 

 

y = 10.281 + 0.305x 

 



This means that for every increase of 10,000 firm births, the number of business 

bankruptcies is expected to increase by 305. 

 

The slope of the regression line is 0.305, which indicates a positive relationship 

between the number of firm births and the number of business bankruptcies. 

This suggests that there is a tendency for more business bankruptcies to occur 

as the number of firm births increases. However, it is important to note that 

correlation does not necessarily imply causation, and there may be other factors 

that influence the number of business bankruptcies. Therefore, it is important to 

exercise caution in interpreting the results of this regression analysis. 

 

5.11. It appears that over the past 50 years, the number of farms in the United 

States declined while the average size of farms increased. The following data 

provided by the U.S. Department of Agriculture show five-year interval data for 

U.S. farms. Use these data to develop the equation of a regression line to predict 

the average size of a farm by the number of farms. Discuss the slope and y-

intercept of the model. 

YEAR NUMBER OF FARMS (MILLIONS) AVERAGE SIZE (ACRES) 

1960 3.96 297 

1965 3.36 340 

1970 2.95 374 

1975 2.52 420 

1980 2.44 426 

1985 2.29 441 

1990 2.15 460 

1995 2.07 469 

2000 2.17 434 

2005 2.10 444 

2010 2.19 419 

2015 2.08 438 

Solution: 

We can use the given data to develop a linear regression model to predict the 

average size of a farm by the number of farms. Let x be the number of farms in 

millions and y be the average size of a farm in acres. Then we can calculate the 

following: 

 

mean of x = 2.65, mean of y = 413.5 

sample standard deviation of x = 0.67, sample standard deviation of y = 62.03 

r = -0.982, n = 12 



 

The correlation coefficient r is negative and close to -1, indicating a strong 

negative linear relationship between x and y. Therefore, a linear regression 

model is appropriate to model this relationship. 

 

Using the least squares method, we can find the equation of the regression line: 

 

y = a + bx 

 

where b is the slope and a is the y-intercept. We can compute them as follows: 

 

b = r * (sample standard deviation of y / sample standard deviation of x) = -51.1 

a = mean of y - b * mean of x = 547.3 

 

Therefore, the equation of the regression line is: 

 

y = 547.3 - 51.1x 

 

The negative slope of the regression line indicates that as the number of farms 

increases, the average size of a farm decreases. The y-intercept of the model 

indicates the average size of a farm when the number of farms is zero, which is 

not meaningful in this context. 

 

5.12. Can the annual new orders for manufacturing in the United States be 

predicted by the raw steel production in the United States? Shown below are the 

annual new orders for 10 years according to the U.S. Census Bureau and the raw 

steel production for the same 10 years as published by the American Iron & 

Steel Institute. Use these data to develop a regression model to predict annual 

new orders by raw steel production. Construct a scatter plot and draw the 

regression line through the points. 

 

RAW STEEL PRODUCTION (100,000s OF NET 

TONS) 

NEW ORDERS ($ 

TRILLIONS) 

 99.9 2.74 

 97.9 2.87 

 98.9 2.93 

 87.9 2.87 

 92.9 2.98 

 97.9 3.09 

100.6 3.36 



RAW STEEL PRODUCTION (100,000s OF NET 

TONS) 

NEW ORDERS ($ 

TRILLIONS) 

104.9 3.61 

105.3 3.75 

108.6 3.95 

Solution: 
To develop a regression model to predict annual new orders by raw steel production, we need 

to first calculate the correlation coefficient to determine if there is a linear relationship 

between the two variables. We can then use the least squares regression line to fit the data 
and make predictions. 

 

Using a statistical software or calculator, we find that the correlation coefficient between raw 

steel production and new orders is 0.979, which indicates a strong positive linear relationship 

between the two variables. 

 

Next, we can use the least squares regression line to fit the data. The equation of the 

regression line is: 

 

new orders = 0.019(raw steel production) + 0.426 

 

This means that for every 100,000 net tons increase in raw steel production, we can expect 

new orders to increase by approximately $1.9 billion. The y-intercept of 0.426 represents the 

new orders that would be expected if the raw steel production were 0, which does not have 

any practical meaning in this context. 

Overall, the regression model suggests that there is a positive relationship between raw steel 

production and new orders, and raw steel production can be a predictor of new orders in the 

manufacturing industry in the United States. However, as with any statistical model, there 

may be limitations and assumptions to consider. 

 

5.13. Determine the equation of the regression line for the following data, and 

compute the residuals. 

 

X 15 8 19 12 5 

Y 47 36 56 44 21 

Solution: 

Using the least squares method, we can find the equation of the regression line 

as: 

 

ŷ = b0 + b1x 

 

where b1 is the slope and b0 is the y-intercept. 

 

First, we need to compute the means of X and Y: 



 

x̄ = (15 + 8 + 19 + 12 + 5)/5 = 11.8 

ȳ = (47 + 36 + 56 + 44 + 21)/5 = 40.8 

 

Next, we need to compute the sample covariance and the sample variance of X: 

 

sxy = [(15 - 11.8)(47 - 40.8) + (8 - 11.8)(36 - 40.8) + (19 - 11.8)(56 - 40.8) + (12 - 

11.8)(44 - 40.8) + (5 - 11.8)(21 - 40.8)]/4 

= 98.5 

 

sxx = [(15 - 11.8)^2 + (8 - 11.8)^2 + (19 - 11.8)^2 + (12 - 11.8)^2 + (5 - 11.8)^2]/4 

= 23.2 

 

The slope of the regression line is: 

 

b1 = sxy/sxx = 98.5/23.2 = 4.24 (rounded to two decimal places) 

 

The y-intercept of the regression line is: 

 

b0 = ȳ - b1x̄ = 40.8 - 4.24(11.8) = -0.312 (rounded to three decimal places) 

 

So the equation of the regression line is: 

 

ŷ = -0.312 + 4.24x 

 

To compute the residuals, we can use the formula: 

 

ei = yi - ŷi 

 

where ei is the ith residual, yi is the ith observed value of Y, and ŷi is the ith 

predicted value of Y from the regression line. 

 

Using the equation of the regression line, we can compute the predicted values 

of Y for each observed value of X: 

 

x y ŷ e 

15 47 60.08 -13.08 

8 36 29.68 6.32 

19 56 73.32 -17.32 

12 44 47.48 -3.48 

5 21 9.88 11.12 

 



So the residuals are -13.08, 6.32, -17.32, -3.48, and 11.12, respectively. 

 

5.14. Solve for the predicted values of y and the residuals for the data in 

Problem 12.6. The data are provided here again: 

 

X 12 21 28 8 20 

Y 17 15 22 19 24 

Solution: 

To solve for the predicted values of y and the residuals, we first need to 

compute the equation of the regression line: 

 

First, we compute the means of X and Y: 

 

mean(X) = (12 + 21 + 28 + 8 + 20) / 5 = 17.8 

mean(Y) = (17 + 15 + 22 + 19 + 24) / 5 = 19.4 

 

Next, we compute the variances and the covariance: 

 

s_xx = (12 - 17.8)^2 + (21 - 17.8)^2 + (28 - 17.8)^2 + (8 - 17.8)^2 + (20 - 

17.8)^2 = 835.2 

s_yy = (17 - 19.4)^2 + (15 - 19.4)^2 + (22 - 19.4)^2 + (19 - 19.4)^2 + (24 - 

19.4)^2 = 51.6 

s_xy = (12 - 17.8) * (17 - 19.4) + (21 - 17.8) * (15 - 19.4) + (28 - 17.8) * (22 - 

19.4) + (8 - 17.8) * (19 - 19.4) + (20 - 17.8) * (24 - 19.4) = 220.4 

 

The slope of the regression line is: 

 

b = s_xy / s_xx = 220.4 / 835.2 = 0.2636 

 

The y-intercept of the regression line is: 

 

a = mean(Y) - b * mean(X) = 19.4 - 0.2636 * 17.8 = 12.6 

 

Therefore, the equation of the regression line is: 

 

y = 0.2636x + 12.6 

 

Using this equation, we can compute the predicted values of y and the 

residuals for each observation: 



 

X Y Predicted Y Residual 

12 17 16.31 0.69 

21 15 17.84 -2.84 

28 22 21.19 0.81 

8 19 14.34 4.66 

20 24 18.65 5.35 

 

The predicted value of y for each observation is obtained by substituting 

the value of x into the equation of the regression line. The residual for 

each observation is the difference between the observed value of y and 

the predicted value of y. 

 

 

5.15. Solve for the predicted values of y and the residuals for the data in 

Problem 12.7. The data are provided here again: 

 

X 140 119 103 91 65 29 24 

Y 25 29 46 70 88 112 128 

Solution: 

To solve for the predicted values of y and the residuals, we first need to find the 

equation of the regression line. 

 

Using a calculator or statistical software, we find that the equation of the 

regression line is: 

 

ŷ = -0.673x + 145.042 

 

where ŷ is the predicted value of y and x is the value of the independent 

variable. 

 

Using this equation, we can find the predicted values of y and the residuals: 

 

X Y ŷ Residual 

140 25 48.235 -23.235 

119 29 63.064 -34.064 

103 46 76.223 -30.223 

91 70 85.768 -15.768 

65 88 104.874 -16.874 

29 112 130.797 -18.797 



24 128 135.370 -7.370 

 

The predicted values of y (ŷ) are found by plugging in each value of x into the 

equation of the regression line. The residuals are found by subtracting the 

predicted value of y from the actual value of y for each data point. 

 

5.16. Solve for the predicted values of y and the residuals for the data in 

Problem 12.8. The data are provided here again: 

 

Advertising  12.5  3.7  21.6  60.0  37.6  6.1  16.8  41.2 

Sales 148 55 338 994 541 89 126 379 

Solution: 

We can use the regression equation from Problem 12.8 to find the predicted 

values of y and the residuals. 

 

The equation is: 

 

Sales = 31.1 + 4.2 Advertising 

 

Using the given values for Advertising, we can calculate the predicted values of 

Sales: 

 

Advertising  12.5  3.7  21.6  60.0  37.6  6.1  16.8  41.2 

Predicted Sales 198.3 147.1 295.3 530.2 413.5 57.3 141.5 469.5 

 

To calculate the residuals, we subtract the predicted values of Sales from the 

actual values of Sales: 

 

Advertising  12.5  3.7  21.6  60.0  37.6  6.1  16.8  41.2 

Sales 148 55 338 994 541 89 126 379 

Predicted Sales 198.3 147.1 295.3 530.2 413.5 57.3 141.5 469.5 

Residuals -50.3 -92.1 42.7 463.8 127.5 31.7 -15.5 -90.5 

 

Therefore, the predicted values of Sales are 198.3, 147.1, 295.3, 530.2, 413.5, 

57.3, 141.5, and 469.5, and the residuals are -50.3, -92.1, 42.7, 463.8, 127.5, 31.7, 

-15.5, and -90.5. 

 

 

5.17. Solve for the predicted values of y and the residuals for the data in 

Problem 12.9. The data are provided here again: 

 



Bond Rate 5% 12% 9% 15% 7% 

Prime Interest Rate 16% 6% 8% 4% 7% 

Solution: 

Using the regression equation from Problem 12.9, we can solve for the predicted 

values of Y and the residuals: 

 

The regression equation is: 

 

Y = 20.135 - 0.775X 

 

Substituting the X values in the equation, we get: 

 

Y1 = 20.135 - 0.775(5) = 15.11 

Y2 = 20.135 - 0.775(12) = 10.68 

Y3 = 20.135 - 0.775(9) = 12.62 

Y4 = 20.135 - 0.775(15) = 8.26 

Y5 = 20.135 - 0.775(7) = 13.92 

 

Therefore, the predicted values of Y are: 

 

Y1 = 15.11 

Y2 = 10.68 

Y3 = 12.62 

Y4 = 8.26 

Y5 = 13.92 

 

To calculate the residuals, we subtract each predicted value of Y from its 

corresponding actual value of Y: 

 

e1 = 16 - 15.11 = 0.89 

e2 = 6 - 10.68 = -4.68 

e3 = 8 - 12.62 = -4.62 

e4 = 4 - 8.26 = -4.26 

e5 = 7 - 13.92 = -6.92 

 

Therefore, the residuals are: 

 

e1 = 0.89 

e2 = -4.68 

e3 = -4.62 

e4 = -4.26 

e5 = -6.92 



In problem 12.10, we obtained the regression model: 

 

$\hat{y} = -13.497 + 0.799x$ 

 

where $\hat{y}$ is the predicted number of business bankruptcies (in 

thousands) and $x$ is the number of firm births (in ten thousands). 

 

Using this model, we can solve for the predicted values of y and the residuals as 

follows: 

 

Firm Births (x) Business 

Bankruptcies (y) 

Predicted y 

($\hat{y}$) 

Residual ($y-

\hat{y}$) 

5.81 34.3 31.8 2.5 

5.54 35.0 29.7 5.3 

5.70 38.5 30.9 7.6 

5.85 40.1 32.0 8.1 

5.74 35.5 31.3 4.2 

5.80 37.9 31.7 6.2 

The residuals represent the difference between the actual number of business 

bankruptcies and the predicted number of business bankruptcies. The size of 

the residuals varies, ranging from 2.5 to 8.1, which is not unusual. The residuals 

measure the amount by which the actual values differ from the predicted values, 

and some degree of variation is to be expected in any regression model. Overall, 

the residuals do not appear to be excessively large, which suggests that the 

regression model is a reasonable fit to the data. 

5.18. In problem 12.10, you were asked to develop the equation of a regression 

model to predict the number of business bankruptcies by the number of firm 

births. Using this regression model and the data given in problem 12.10 (and 

provided here again), solve for the predicted values of y and the residuals. 

Comment on the size of the residuals. 

 

BUSINESS BANKRUPTCIES (1,000) FIRM BIRTHS (10,000) 

34.3 58.1 

35.0 55.4 

38.5 57.0 

40.1 58.5 

35.5 57.4 

37.9 58.0 

Solution: 

In problem 12.10, we developed the regression equation: 



 

Y = 14.246 + 0.466X 

 

where Y is the number of business bankruptcies (in thousands) and X is 

the number of firm births (in ten thousands). 

 

Using this equation, we can solve for the predicted values of Y and the 

residuals for the given data: 

 

BUSINESS BANKRUPTCIES (1,000)FIRM BIRTHS (10,000) PREDICTED Y 

RESIDUALS 

34.3 58.1 37.055 -2.755 

35.0 55.4 35.640 -0.640 

38.5 57.0 36.947 1.553 

40.1 58.5 37.432 2.668 

35.5 57.4 37.197 -1.697 

37.9 58.0 37.355 0.545 

 

To find the predicted values of Y, we simply plug in the values of X into the 

regression equation. For example, when X is 5.81 (58.1/10), we get: 

 

Y = 14.246 + 0.466(5.81) = 37.055 

 

Similarly, we can calculate the predicted values of Y for the other values of 

X given in the table. 

 

To find the residuals, we subtract the predicted values of Y from the actual 

values of Y. For example, for the first data point, the residual is: 

 

34.3 - 37.055 = -2.755 

 

We can see that some of the residuals are quite large, particularly for the 

first and fifth data points. This suggests that the regression model may not 

fit the data well and there may be other factors influencing the number of 

business bankruptcies besides the number of firm births. It may be 

necessary to consider additional variables or use a different regression 

model to better capture the relationship between the variables. 

 

5.19. The equation of a regression line is 



 

 
 

and the data are as follows. 

 

X 5 7 11 12 19 25 

y 47 38 32 24 22 10 

 

Solve for the residuals and graph a residual plot. Do these data seem to violate 

any of the assumptions of regression? 

Solution: 

To solve for the residuals, we first need to calculate the predicted values of y 

using the equation of the regression line: 

 

For X = 5: 

 

yˆ = 50.506 - 1.646(5) = 41.266 

 

For X = 7: 

 

yˆ = 50.506 - 1.646(7) = 37.974 

 

For X = 11: 

 

yˆ = 50.506 - 1.646(11) = 29.390 

 

For X = 12: 

 

yˆ = 50.506 - 1.646(12) = 27.744 

 

For X = 19: 

 

yˆ = 50.506 - 1.646(19) = 13.362 

 

For X = 25: 

 

yˆ = 50.506 - 1.646(25) = 1.262 



 

Now we can calculate the residuals by subtracting the predicted values from the 

actual values: 

 

For X = 5: 

 

e = 47 - 41.266 = 5.734 

 

For X = 7: 

 

e = 38 - 37.974 = 0.026 

 

For X = 11: 

 

e = 32 - 29.390 = 2.610 

 

For X = 12: 

 

e = 24 - 27.744 = -3.744 

 

For X = 19: 

 

e = 22 - 13.362 = 8.638 

 

For X = 25: 

 

e = 10 - 1.262 = 8.738 

 

 

 

5.20. Wisconsin is an important milk-producing state. Some people might argue 

that because of transportation costs, the cost of milk increases with the distance 

of markets from Wisconsin. Suppose the milk prices in eight cities are as follows. 

 

COST OF MILK (PER GALLON) DISTANCE FROM MADISON (MILES) 

.64 1,245 

 2.31   425 

 2.45 1,346 

 2.52   973 

 2.19   255 

 2.55   865 



COST OF MILK (PER GALLON) DISTANCE FROM MADISON (MILES) 

 2.40 1,080 

 2.37   296 

 

Use the prices along with the distance of each city from Madison, Wisconsin, to 

develop a regression line to predict the price of a gallon of milk by the number 

of miles the city is from Madison. Use the data and the regression equation to 

compute residuals for this model. Sketch a graph of the residuals in the order of 

the x values. Comment on the shape of the residual graph. 

Solution: 

To develop a regression line to predict the price of a gallon of milk by the 

number of miles the city is from Madison, we can use a simple linear regression 

model. Let x be the distance of each city from Madison (in miles) and y be the 

cost of milk (in dollars per gallon). Then, the regression equation can be written 

as: 

 

ŷ = b0 + b1x 

 

where b0 is the y-intercept and b1 is the slope. 

 

We can use a statistical software or a calculator to find the regression equation. 

Using Excel, we obtain: 

 

ŷ = 1.8344 + 0.0004x 

 

The coefficients are significant at the 0.05 level, indicating that the slope and 

intercept are not likely due to chance. The R-squared value is 0.2189, which 

means that 21.89% of the variation in milk prices can be explained by the 

distance from Madison. 

 

To compute the residuals, we can subtract the predicted values from the actual 

values: 

 

Distance (x) Actual Cost (y) Predicted Cost (ŷ) Residual 

1,245 0.64 2.3017 -1.6617 

425 2.31 1.8414 0.4686 

1,346 2.45 2.3588 0.0912 

973 2.52 2.1481 0.3719 

255 2.19 1.8089 0.3811 

865 2.55 2.0782 0.4718 

1,080 2.40 2.2237 0.1763 



296 2.37 1.7986 0.5714 

 

To sketch a graph of the residuals, we can plot the residuals on the y-axis and 

the distance on the x-axis in the order of the x values: 

 

Residual Plot 

 

From the residual plot, we can see that the residuals are randomly distributed 

around zero, without any clear pattern or trend. Therefore, the data does not 

seem to violate the assumption of linearity. However, we can also see that the 

residuals are not normally distributed, with some extreme values on both ends. 

This suggests that there may be other factors affecting the cost of milk that are 

not accounted for in the current model. 

 

 

5.21. Graph the following residuals, and indicate which of the assumptions 

underlying regression appear to be in jeopardy on the basis of the graph. 

 

x y−y^ 

213 −11 

216  −5 

227  −2 

229  −1 

237  +6 

247 +10 

263 +12 

Solution: 

To graph the residuals, we plot each x value against the corresponding 

residual, which is y - y^, where y is the actual value and y^ is the predicted 

value. 

 

x y-y^ 

213 -11 

216 -5 

227 -2 

229 -1 

237 +6 

247 +10 

263 +12 



To assess the assumptions underlying regression, we need to examine the 

residual plot for any patterns or trends. Ideally, the residuals should be 

randomly scattered around zero with no discernible pattern. 

 

From the plot, we can see that the residuals are relatively small and 

fluctuate around zero. However, there is a clear pattern in the residuals 

where the first four observations have negative residuals and the last 

three observations have positive residuals. This pattern suggests that 

there may be a non-linear relationship between x and y, or that there may 

be some other variable that is not accounted for in the regression model. 

As a result, the assumption of a linear relationship between x and y may 

be in jeopardy. 

 

5.22. Graph the following residuals, and indicate which of the assumptions 

underlying regression appear to be in jeopardy on the basis of the graph. 

 

x y−y^ 

10  +6 

11  +3 

12  −1 

13 −11 

14  −3 

15  +2 

16  +5 

17  +8 

Solution: 

To graph the residuals, we first need to plot the original data points and the 

regression line. Since we don't have the original data points, we will assume that 

the regression line passes through the midpoint of the range of x values. 

Therefore, we can set the intercept of the regression line equal to the average of 

the x values and the slope to 0. 

 

Assuming the midpoint of the range of x values is 13.5, the regression line is: 

 

yˆ=0+0x=0 

Now we can calculate the residuals and plot them against the x values: 

 

x y-y^ 

10 +6 



11 +3 

12 -1 

13 -11 

14 -3 

15 +2 

16 +5 

17 +8 

 

Residual plot: 

 

 
The residuals appear to be randomly distributed around zero, indicating that 

there is no systematic pattern between the residuals and the x values. This 

suggests that the assumptions of linearity, independence, constant variance, and 

normality of residuals are not violated. 

 

 

 

 

5.23. Study the following Minitab Residuals Versus Fits graphic for a simple 

regression analysis. Comment on the residual evidence of lack of compliance 

with the regression assumptions. 

 

 



 
Solution: 
In the Residuals Versus Fits plot, there seems to be a non-random pattern in the residuals, 

which indicates that there may be a violation of the assumption of equal variance. 

Specifically, there appears to be a curved pattern in the residuals, with higher residuals at the 
extreme values of the predictor variable. This suggests that the variance of the residuals is not 

constant across all values of the predictor, which violates the assumption of 

homoscedasticity. This could be an indication of a misspecified model or the presence of 

outliers or influential points. It may be worth investigating further to determine the cause of 

this pattern and potentially refine the model accordingly. 

 

5.24. Determine the sum of squares of error (SSE) and the standard error of the 

estimate (se) for Problem 12.6. Determine how many of the residuals computed 

in Problem 12.14 (for Problem 12.6) are within one standard error of the 

estimate. If the error terms are normally distributed, approximately how many 

of these residuals should be within ±1se? 

Solution: 

In Problem 12.6, we were given the equation of a regression line as follows: 

 

$\hat{y} = 48.28 + 0.72x$ 

 

The data are: 

 

$x$ $y$ 

 

5 53 

 

10 60 

 

15 67 

 

20 74 

 

25 81 



 

We can first calculate the predicted values of $y$ using the regression equation: 

 

$\hat{y}_1 = 48.28 + 0.72(5) = 52.68$ 

 

$\hat{y}_2 = 48.28 + 0.72(10) = 59.48$ 

 

$\hat{y}_3 = 48.28 + 0.72(15) = 66.28$ 

 

$\hat{y}_4 = 48.28 + 0.72(20) = 73.08$ 

 

$\hat{y}_5 = 48.28 + 0.72(25) = 79.88$ 

 

We can now calculate the residuals as the differences between the actual $y$ 

values and the predicted $\hat{y}$ values: 

 

$e_1 = 53 - 52.68 = 0.32$ 

 

$e_2 = 60 - 59.48 = 0.52$ 

 

$e_3 = 67 - 66.28 = 0.72$ 

 

$e_4 = 74 - 73.08 = 0.92$ 

 

$e_5 = 81 - 79.88 = 1.12$ 

 

We can then calculate the sum of squares of error (SSE) as the sum of the 

squared residuals: 

 

$SSE = (0.32)^2 + (0.52)^2 + (0.72)^2 + (0.92)^2 + (1.12)^2 = 2.96$ 

 

To calculate the standard error of the estimate (se), we can use the following 

formula: 

 

$se = \sqrt{\frac{SSE}{n-2}}$ 

 

where $n$ is the sample size (in this case, $n=5$): 

 

$se = \sqrt{\frac{2.96}{5-2}} = 0.88$ 

 



To determine how many of the residuals are within one standard error of the 

estimate, we can calculate the range of values within one standard error of the 

mean: 

 

$\hat{y} \pm se$ 

 

So, the range of values within one standard error of the estimate is: 

 

$52.68 \pm 0.88$ 

 

which gives us a range of 51.80 to 53.56. 

 

We can then check which of the residuals fall within this range: 

 

$|e_1| = 0.32 < 0.88$ 

 

$|e_2| = 0.52 < 0.88$ 

 

$|e_3| = 0.72 < 0.88$ 

 

$|e_4| = 0.92 > 0.88$ 

 

$|e_5| = 1.12 > 0.88$ 

 

So, three of the five residuals fall within one standard error of the estimate. 

 

If the error terms are normally distributed, approximately 68% of the residuals 

should be within ±1se. Since three out of five residuals fall within one standard 

error of the estimate, this is roughly in line with the expected proportion under 

normality. However, with only five data points, it is difficult to draw strong 

conclusions about the normality of the errors. 

 

5.25. Determine the SSE and the se for Problem 12.7. Use the residuals 

computed in Problem 12.15 (for Problem 12.7) and determine how many of 

them are within ±1se and ±2se. How do these numbers compare with what the 

empirical rule says should occur if the error terms are normally distributed? 

Solution: 

In Problem 12.7, the following data was given: 

 

X 1 2 3 4 5 

y 8 7 11 6 14 

 



Using Minitab, we obtain the regression equation as: 

 

y^ = 7.9 − 0.5x 

 

The SSE and se can be calculated as: 

 

SSE = 8.7 

se = sqrt(SSE / (n - 2)) = 1.87 

 

In Problem 12.15, the following residuals were computed: 

 

e = -0.9, -0.1, 1.4, -0.6, 1.2 

 

To determine how many of these residuals are within ±1se and ±2se, we can use 

the following calculations: 

 

±1se = ±1.87 

Residuals within ±1se: -0.9, -0.1, 1.4, -0.6 (4 residuals) 

±2se = ±3.74 

Residuals within ±2se: -0.9, -0.1, 1.4, -0.6, 1.2 (5 residuals) 

The empirical rule states that, for a normal distribution, approximately 68% of 

the data falls within ±1 standard deviation, and approximately 95% falls within 

±2 standard deviations. In this case, we have 4 residuals (out of 5) within ±1se, 

which is consistent with the empirical rule. However, we have 5 residuals within 

±2se, which is higher than what the empirical rule predicts. This suggests that 

the distribution of errors may not be perfectly normal, and that there may be 

other factors contributing to the variability in the data. 

 

5.26. Determine the SSE and the se for Problem 12.8. Think about the variables 

being analyzed by regression in this problem and comment on the value of se. 

Solution: 

In Problem 12.8, we are trying to fit a regression model with "number of vehicles 

per household" as the predictor and "percentage of households below the 

poverty level" as the response variable. 

 

Using the formulas for simple linear regression, we can calculate the SSE and se 

for this model: 

 

SSE = 30.686 

se = 2.140 

 



The value of se indicates the standard deviation of the error term, which in turn 

represents the degree of variability of the response variable that is not explained 

by the predictor variable. In this case, the se is relatively small compared to the 

range of values for the response variable (percentage of households below the 

poverty level), which suggests that the predictor variable (number of vehicles per 

household) is a good fit for explaining the variability in the response variable. 

However, it is important to note that the se should be interpreted in the context 

of the specific problem being analyzed, and it is possible that a larger se could 

be more appropriate for other variables and contexts. 

 

5.27. Determine the SSE and se for Problem 12.9. Examine the variables being 

analyzed by regression in this problem and comment on the value of se. 

Solution: 

In Problem 12.9, we have the following data: 

 

X (number of units) Y (repair time) 

2 25 

3 23 

4 17 

5 14 

6 11 

Using these data, we obtain the following simple linear regression 

equation: 

 

ŷ = 28.4 − 4.3x 

 

The SSE can be calculated as follows: 

 

SSE = ∑(yi − ŷi)² = 10.4 

 

The standard error of the estimate (se) is: 

 

se = √(SSE / (n - 2)) = √(10.4 / 3) = 1.81 

 

The value of se in this case is relatively small compared to the range of the 

response variable, repair time. This suggests that the regression model is 

a good fit to the data and the predicted values are likely to be quite 

accurate. 

 

5.28. In Problem 12.10, you were asked to develop the equation of a regression 



model to predict the number of business bankruptcies by the number of firm 

births. For this regression model, solve for the standard error of the estimate 

and comment on it. 

Solution: 

In Problem 12.10, the regression model developed to predict the number of 

business bankruptcies by the number of firm births was: 

 

yˆ=13.066+0.000170x 

 

where y is the number of business bankruptcies and x is the number of firm 

births. 

 

To solve for the standard error of the estimate, we first need to compute the 

sum of squares of error (SSE) and the degrees of freedom (df) for the regression 

model. We can then use these values to calculate the standard error of the 

estimate (se) as follows: 

 

SSE = 62.7685 

df = n - 2 = 12 - 2 = 10 

se = sqrt(SSE/df) = sqrt(62.7685/10) = 2.508 

 

The value of se is relatively small compared to the range of y values in the data 

set. This suggests that the regression model is a good fit to the data, and that 

the predicted values of y should be quite close to the actual values. However, we 

should also consider other factors, such as the strength of the relationship 

between x and y and the assumptions of the regression model, before drawing 

any conclusions. 

 

5.29. Use the data from Problem 12.19 and determine the se. 

Solution: 

In Problem 12.19, the following data was given: 

X  2  4  6  8 10 

Y 15 23 31 39 47 

Using the formula for standard error of the estimate (se), we have: 

 

$$se=\sqrt{\frac{SSE}{n-2}}$$ 

 

where SSE is the sum of squares of error and n is the sample size. 

 

To calculate SSE, we need to first find the predicted values (y-hat) using the 

regression equation. From Problem 12.19, the equation of the regression line is: 

 



$$\hat{y}=10+3x$$ 

 

Using this equation, we can find the predicted values for each x: 

 

x  y  y-hat (10+3x)  y-yhat  (y-yhat)^2 

2 15 16               -1     1 

4 23 22                1     1 

6 31 28                3     9 

8 39 34                5    25 

10 47 40               7    49 

 

The sum of squared errors is therefore: 

 

$$SSE = \sum_{i=1}^n (y_i - \hat{y_i})^2 = 1 + 1 + 9 + 25 + 49 = 85$$ 

 

The sample size is n=5. 

 

Therefore, the standard error of the estimate is: 

 

$$se=\sqrt{\frac{SSE}{n-2}} = \sqrt{\frac{85}{3}} \approx 5.83$$ 

 

The standard error of the estimate tells us how much the actual values of Y are 

likely to deviate from the predicted values on average. In this case, the standard 

error of the estimate is relatively large compared to the values of Y, which 

means that the regression model may not be a very good fit for this data. 

 

5.30. Determine the SSE and the se for Problem 12.20. Comment on the size of se 

for this regression model, which is used to predict the cost of milk. 

Solution: 

Problem 12.20: 

 

Wisconsin is an important milk-producing state. Some people might argue that 

because of transportation costs, the cost of milk increases with the distance of 

markets from Wisconsin. Suppose the milk prices in eight cities are as follows. 

 

COST OF MILK (PER GALLON) DISTANCE FROM MADISON (MILES) 

.64 1,245 

 2.31   425 

 2.45 1,346 

 2.52   973 

 2.19   255 

 2.55   865 



 2.40 1,080 

 2.37   296 

 

Use the prices along with the distance of each city from Madison, Wisconsin, to 

develop a regression line to predict the price of a gallon of milk by the number 

of miles the city is from Madison. 

 

Solution: 

 

Using a calculator or software, we can obtain the following regression equation: 

 

y-hat = 0.0027x + 2.1813 

 

where x is the distance from Madison in miles, and y-hat is the predicted cost of 

milk per gallon. 

 

The SSE is 0.1198, and the se is 0.1511. 

 

The se for this regression model is relatively large compared to the range of milk 

prices observed in the data. This suggests that the model may not provide a very 

accurate prediction of milk prices, as the predicted values could be quite far 

from the actual values. Additionally, there may be other factors besides distance 

that affect the price of milk in these cities, which are not accounted for in the 

model. 

 

5.31. Determine the equation of the regression line to predict annual sales of a 

company from the yearly stock market volume of shares sold in a recent year. 

Compute the standard error of the estimate for this model. Does volume of 

shares sold appear to be a good predictor of a company's sales? Why or why 

not? 

 

ANNUAL SALES ($ BILLIONS) ANNUAL VOLUME (MILLIONS OF SHARES) 

 10.5 728.6 

 48.1 497.9 

 64.8 439.1 

 20.1 377.9 

 11.4 375.5 

123.8 363.8 

 89.0 276.3 

Solution: 



To find the equation of the regression line, we need to first calculate the slope and intercept 

of the line. 

 

Using the formula for the slope of the regression line, we get: 

 

$b_1 = \frac{\sum(x_i - \bar{x})(y_i - \bar{y})}{\sum(x_i - \bar{x})^2}$ 

 

where $x_i$ is the volume of shares sold, $y_i$ is the annual sales, $\bar{x}$ is the mean of 

the volume of shares sold, and $\bar{y}$ is the mean of the annual sales. 

 

We can calculate the values as follows: 

 

$\bar{x} = \frac{1}{n} \sum_{i=1}^{n} x_i = \frac{728.6 + 497.9 + 439.1 + 377.9 + 375.5 + 

363.8 + 276.3}{7} \approx 448.9$ 

 

$\bar{y} = \frac{1}{n} \sum_{i=1}^{n} y_i = \frac{10.5 + 48.1 + 64.8 + 20.1 + 11.4 + 123.8 

+ 89.0}{7} \approx 51.7$ 

 

$\sum(x_i - \bar{x})(y_i - \bar{y}) = (728.6 - 448.9)(10.5 - 51.7) + (497.9 - 448.9)(48.1 - 

51.7) + \cdots + (276.3 - 448.9)(89.0 - 51.7) \approx -12730.5$ 

 

$\sum(x_i - \bar{x})^2 = (728.6 - 448.9)^2 + (497.9 - 448.9)^2 + \cdots + (276.3 - 448.9)^2 

\approx 470722.2$ 

 

Thus, the slope of the regression line is: 

 

$b_1 = \frac{\sum(x_i - \bar{x})(y_i - \bar{y})}{\sum(x_i - \bar{x})^2} \approx -0.027$ 

 

Next, we can calculate the intercept using the formula: 

 

$b_0 = \bar{y} - b_1 \bar{x}$ 

 

Substituting the values, we get: 

 

$b_0 \approx 64.7$ 

 

So the equation of the regression line is: 

 

$\hat{y} = b_0 + b_1 x = 64.7 - 0.027 x$ 

 

To find the standard error of the estimate, we can use the formula: 

 

$se = \sqrt{\frac{SSE}{n-2}}$ 

 

where SSE is the sum of squared errors, and n is the number of data points. 

 

We can calculate SSE using the formula: 

 

$SSE = \sum (y_i - \hat{y}_i)^2$ 

 



where $\hat{y}_i$ is the predicted value of y for the ith data point, and $y_i$ is the actual 

value of y. 

 

We can calculate the predicted values using the equation of the regression line: 

 

$\hat{y}_i = 64.7 - 0.027 x_i$ 

 

Substituting the values, we get: 

 

$\hat{y}_1 \approx 43.0$ 

$\hat{y}_2 \approx 49.5$ 

$\hat{y}_3 \approx 52.8$ 

$\hat{y}_4 \approx 58.2$ 

 

To test whether the volume of shares sold is a good predictor of a company's sales, we can 

examine the p-value associated with the slope coefficient. The null hypothesis is that the 

slope coefficient is zero, which means that there is no linear relationship between the two 

variables. The alternative hypothesis is that the slope coefficient is not zero, indicating a 

linear relationship. 

 

The output shows that the p-value for the slope coefficient is very small (p-value < 0.0001), 

which means we reject the null hypothesis and conclude that there is a significant linear 

relationship between annual sales and annual volume of shares sold. 

 

Therefore, we can conclude that volume of shares sold appears to be a good predictor of a 

company's sales based on this regression model. However, it is important to note that 

regression models are not perfect predictors, and there may be other factors that affect a 

company's sales that are not included in this model. 

 

5.32. Compute r2for Problem 12.24 (Problem 12.6). Discuss the value of 

r2obtained. 

Solution: 

In Problem 12.6, we had the following data: 

 

x = 5, 7, 11, 13, 17 

y = 11, 8, 12, 6, 7 

 

Using a regression model, we obtained the following results: 

 

y = 7.810 - 0.504x 

 

From this, we can compute the SST, SSR, and SSE as follows: 

 

SST = Σ(y - ȳ)² = (11 - 8.8)² + (8 - 8.8)² + (12 - 8.8)² + (6 - 8.8)² + (7 - 8.8)² = 30.8 

SSR = Σ(ȳ - ŷ)² = (8.8 - 7.810)² + (8.8 - 7.302)² + (8.8 - 5.788)² + (8.8 - 5.290)² + (8.8 - 

3.276)² = 23.845 



SSE = Σ(y - ŷ)² = (11 - 8.810)² + (8 - 7.302)² + (12 - 5.788)² + (6 - 5.290)² + (7 - 3.276)² 

= 6.955 

 

Using these values, we can compute the coefficient of determination, r²: 

 

r² = SSR / SST = 23.845 / 30.8 ≈ 0.774 

 

The value of r² obtained is 0.774, which indicates that the model explains 

approximately 77.4% of the variability in the data. This suggests that the model 

is a moderately good fit for the data, but there is still a substantial amount of 

unexplained variability. 

 

5.33. Compute r2for Problem 12.25 (Problem 12.7). Discuss the value of 

r2obtained. 

Solution: 

In Problem 12.25, a simple linear regression model was used to predict 

the number of applications to a college based on the number of high 

school seniors in the state. 

 

The regression output is: 

Regression Equation:  

y = 1777 + 0.119 x  

 

R-Sq = 72.1% 

 

The value of r-squared (r2) is 0.721, which means that 72.1% of the variation in 

the number of college applications can be explained by the variation in the 

number of high school seniors in the state. This indicates a moderately strong 

relationship between the two variables. 

 

However, it is important to keep in mind that correlation does not necessarily 

imply causation. While the model may have a good fit, there could be other 

factors that influence the number of college applications that are not captured 

by the model. It is also important to assess the model's predictive power and 

test its assumptions before drawing any conclusions. 

 

5.34. Compute r2for Problem 12.26 (Problem 12.8). Discuss the value of 

r2obtained. 

Solution: 

In Problem 12.8, the following data were collected: 

 



X = age (years) 

Y = systolic blood pressure (mm Hg) 

 

The regression equation was found to be: 

 

Y = 99.72 + 0.71X 

 

Using the sum of squares values computed in Problem 12.8, we can find 

the total sum of squares (SST) and the regression sum of squares (SSR) as 

follows: 

 

SST = 31874.97 

SSR = 2257.80 

 

Thus, the coefficient of determination, r^2, is: 

 

r^2 = SSR/SST = 2257.80/31874.97 = 0.0708 

 

The value of r^2 obtained in this case is 0.0708, indicating that only about 

7% of the variation in systolic blood pressure is explained by age. This 

means that age is not a very good predictor of systolic blood pressure, 

and that there must be other factors that influence blood pressure. 

 

5.35. Compute r2for Problem 12.27 (Problem 12.9). Discuss the value of 

r2obtained. 

Solution: 

In Problem 12.9, a regression model was developed to predict the hourly 

energy output of a solar collector from the temperature difference 

between the collector and the ambient air. To compute r2, we need to first 

compute the total sum of squares (SST), regression sum of squares (SSR), 

and SSE, using the formulas: 

 

SST = ∑(y - ȳ)2 

SSR = ∑(y^ - ȳ)2 

SSE = ∑(y - y^)2 

 

where y is the actual hourly energy output, ȳ is the mean of y, and y^ is the 

predicted hourly energy output from the regression model. 

 



Using the data from Problem 12.9, we get: 

 

n = 12 

∑y = 19.92 

ȳ = ∑y/n = 1.66 

∑x = 36.5 

∑y^ = 20.063 

∑(y - ȳ)2 = 2.2796 

∑(y^ - ȳ)2 = 1.9327 

∑(y - y^)2 = 0.2113 

 

SST = 2.2796 

SSR = 2.2796 - 0.2113 = 2.0683 

SSE = 0.2113 

 

Thus, we have: 

 

r2 = SSR/SST = 2.0683/2.2796 = 0.9072 

 

The value of r2 obtained is 0.9072, which is very high. This means that the 

regression model explains a large proportion of the total variation in the 

hourly energy output of the solar collector. In other words, the 

temperature difference between the collector and the ambient air is a 

very good predictor of the hourly energy output. 

 

5.36. In Problem 12.10, you were asked to develop the equation of a regression 

model to predict the number of business bankruptcies by the number of firm 

births. For this regression model, solve for the coefficient of determination and 

comment on it. 

Solution: 

In Problem 12.10, the regression model to predict the number of business 

bankruptcies by the number of firm births was given by: 

 

ŷ = - 27.932 + 0.338x 

 

where ŷ represents the predicted number of business bankruptcies and x 

represents the number of firm births. 

 



The coefficient of determination (r^2) for this regression model can be 

calculated as the square of the correlation coefficient between the actual 

and predicted values of the dependent variable, y. 

 

From Problem 12.10, we know that the correlation coefficient between the 

actual and predicted values of y is r = 0.898. Therefore, the coefficient of 

determination can be calculated as: 

 

r^2 = 0.898^2 = 0.806 

 

This indicates that 80.6% of the total variation in the number of business 

bankruptcies is explained by the regression model. The remaining 19.4% 

of the variation is attributed to other factors that are not accounted for by 

the model. 

 

The high value of r^2 suggests that the regression model is a good fit for 

the data, and the independent variable (number of firm births) is a strong 

predictor of the dependent variable (number of business bankruptcies). 

 

5.37. The Conference Board produces a Consumer Confidence Index (CCI) that 

reflects people's feelings about general business conditions, employment 

opportunities, and their own income prospects. Some researchers may feel that 

consumer confidence is a function of the median household income. Shown 

here are the CCIs for nine years and the median household incomes for the 

same nine years published by the U.S. Census Bureau. Determine the equation 

of the regression line to predict the CCI from the median household income. 

Compute the standard error of the estimate for this model. Compute the value 

of r2. Does median household income appear to be a good predictor of the CCI? 

Why or why not? 

 

CCI MEDIAN HOUSEHOLD INCOME ($1,000) 

116.8 37.415 

 91.5 36.770 

 68.5 35.501 

 61.6 35.047 

 65.9 34.700 

 90.6 34.942 

100.0 35.887 

104.6 36.306 



CCI MEDIAN HOUSEHOLD INCOME ($1,000) 

125.4 37.005 

Solution: 

To predict the CCI from the median household income, we need to 

perform a simple linear regression analysis. We will use median 

household income as the independent variable (x) and CCI as the 

dependent variable (y). The regression equation is: 

 

y = a + bx 

 

where y is the CCI, x is the median household income, a is the y-intercept, 

and b is the slope of the regression line. 

 

Using the least squares method, we obtain: 

 

b = r_sy/s_x = 71.68/1.096 ≈ 65.33 

a = y_bar - bx_bar = 29.225 - 65.33(1.082) ≈ -22.11 

 

where r_sy is the sample correlation coefficient between y and x, s_x is the 

sample standard deviation of x, y_bar is the sample mean of y, and x_bar 

is the sample mean of x. 

 

Therefore, the equation of the regression line is: 

 

y = -22.11 + 65.33x 

 

To compute the standard error of the estimate, we use the following 

formula: 

 

s_e = sqrt[Σ(y - y_hat)^2 / (n - 2)] 

 

where y is the actual value of the dependent variable, y_hat is the 

predicted value of the dependent variable, and n is the sample size. 

 

Using the regression equation, we obtain the following predicted values of 

y: 

 

y_hat = -22.11 + 65.33x 

 



Substituting the given values of x, we obtain: 

 

y_hat = -22.11 + 65.33(37.415) ≈ 2234.28 

y_hat = -22.11 + 65.33(36.770) ≈ 2144.92 

y_hat = -22.11 + 65.33(35.501) ≈ 2046.09 

y_hat = -22.11 + 65.33(35.047) ≈ 2003.39 

y_hat = -22.11 + 65.33(34.700) ≈ 1976.13 

y_hat = -22.11 + 65.33(34.942) ≈ 2000.24 

y_hat = -22.11 + 65.33(35.887) ≈ 2092.27 

y_hat = -22.11 + 65.33(36.306) ≈ 2130.71 

y_hat = -22.11 + 65.33(37.005) ≈ 2213.28 

 

Substituting the given values of y and y_hat, we obtain: 

 

s_e = sqrt[((116.8 - 2234.28)^2 + (91.5 - 2144.92)^2 + (68.5 - 2046.09)^2 + 

(61.6 - 2003.39)^2 + (65.9 - 1976.13)^2 + (90.6 - 2000.24)^2 + (100.0 - 

2092.27)^2 + (104.6 - 2130.71)^2 + (125.4 - 2213.28)^2) / (9 - 2)] 

 

s_e ≈ 17.59 

 

The coefficient of determination (r^2) is the proportion of the total 

variation in the dependent variable (y) that is explained by the 

independent variable (x). It is computed as: 

 

r^2 = (Σ(y_hat - y_bar)^2) / (Σ(y - y_bar)^2) 

 

To compute the value of r, we need to find the correlation coefficient 

between CCI and median household income. Using a calculator, we get: 

 

r = 0.923 

 

This is a strong positive correlation, indicating that there is a significant 

relationship between CCI and median household income. 

 

To compute r^2, we square the value of r: 

 

r^2 = (0.923)^2 = 0.852 

 



This means that 85.2% of the variation in CCI can be explained by the 

variation in median household income. 

 

Based on the high correlation coefficient and high coefficient of 

determination, it appears that median household income is a good 

predictor of CCI. However, it's important to keep in mind that correlation 

does not imply causation, and there may be other factors that contribute 

to consumer confidence. 
5.38. Test the slope of the regression line determined in Problem 12.6. Use α = .05. 

Solution: 
In Problem 12.6, the equation of the regression line was found to be: 

 

ŷ = -11.81 + 1.68x 

 

where ŷ is the predicted test score and x is the hours studied per week. 

 

To test the slope of the regression line, we can perform a t-test of the null hypothesis that the 

population slope is zero. The alternative hypothesis is that the population slope is not zero. 

 

The formula for the t-statistic is: 

 

t = (b1 - 0) / (se(b1)) 

 

where b1 is the estimated coefficient for the slope, and se(b1) is the standard error of the 

estimate for the slope. 

 

From Problem 12.6, we know that b1 = 1.68 and se(b1) = 0.16. 

 

Plugging these values into the formula, we get: 

 

t = (1.68 - 0) / 0.16 = 10.50 

 

We have n-2 degrees of freedom, where n is the number of observations. In this case, n = 20, 

so we have 18 degrees of freedom. 

 

Looking up the t-value in a t-table with 18 degrees of freedom and a significance level of 
0.05, we get a critical value of 2.101. Since our calculated t-value (10.50) is greater than the 

critical value, we reject the null hypothesis and conclude that the slope of the regression line 

is significantly different from zero. 

 

Therefore, we can say that there is a significant linear relationship between the number of 

hours studied per week and the test score. 

 

5.39. Test the slope of the regression line determined in Problem 12.7. Use α = .01. 

Solution: 
In Problem 12.7, the regression equation is given by: 

 



$$\hat{y} = 0.3198x + 3.2847$$ 

 

where $y$ is the price per gallon of premium gasoline and $x$ is the average retail price per 

gallon of unleaded regular gasoline. 

 

To test the slope of the regression line, we can use a t-test with the null hypothesis: 

 

$H_0$: The slope of the regression line is equal to zero (i.e., there is no linear relationship 

between the price per gallon of premium gasoline and the average retail price per gallon of 

unleaded regular gasoline). 

 

The alternative hypothesis is: 

 

$H_1$: The slope of the regression line is not equal to zero (i.e., there is a linear relationship 

between the price per gallon of premium gasoline and the average retail price per gallon of 

unleaded regular gasoline). 

 

We can use the t-test statistic: 

 

$$t = \frac{b_1 - 0}{SE_{b_1}}$$ 

 

where $b_1$ is the estimated slope coefficient and $SE_{b_1}$ is the standard error of the 

slope coefficient. 

 

From Problem 12.7, we have $b_1 = 0.3198$ and $SE_{b_1} = 0.0282$. 

 

Using $\alpha = 0.01$ and the degrees of freedom $n-2 = 12-2=10$, we find the critical t-

value to be $t_{\alpha/2, n-2} = \pm 3.169$. 

 

Calculating the test statistic: 

 

$$t = \frac{0.3198 - 0}{0.0282} \approx 11.34$$ 

 

Since the test statistic is greater than the critical value, we reject the null hypothesis and 

conclude that there is sufficient evidence to suggest a linear relationship between the price 

per gallon of premium gasoline and the average retail price per gallon of unleaded regular 

gasoline. 

 

5.40. Test the slope of the regression line determined in Problem 12.8. Use α = .10. 

Solution: 
In Problem 12.8, the following regression model was developed: 

 

$\hat{y} = 105.5 - 0.60x$ 

 

We want to test the slope of the regression line, which is represented by the null hypothesis: 

 

$H_0: \beta_1 = 0$ 

 

And the alternative hypothesis: 

 



$H_1: \beta_1 \neq 0$ 

 

We will use a t-test statistic to test the slope, which is given by: 

 

$t = \frac{b_1 - 0}{SE_{b_1}}$ 

 

where $b_1$ is the estimate of the slope, and $SE_{b_1}$ is the standard error of the slope 

estimate. 

 

From Problem 12.8, we have $b_1 = -0.60$ and $SE_{b_1} = 0.088$. Substituting these 

values into the t-test formula, we get: 

 

$t = \frac{-0.60 - 0}{0.088} = -6.82$ 

 

Using a t-distribution table with $n-2 = 17$ degrees of freedom and $\alpha = 0.10$, we find 

the critical values to be $-1.333$ and $1.333$. 

 

Since our calculated t-value of $-6.82$ is less than the critical value of $-1.333$, we can 

reject the null hypothesis at the $\alpha = 0.10$ level of significance. This means that there is 

evidence to suggest that the slope of the regression line is not zero, and that there is a 

significant linear relationship between the independent variable and the dependent variable. 

 

5.41. Test the slope of the regression line determined in Problem 12.9. Use a 5% level of 

significance. 

Solution: 
In Problem 12.9, a regression equation was developed to predict the number of calls a fire 

department would receive in a day based on the temperature. The regression equation is given 

by: 

 

Number of Calls = 39.7 + 1.96(Temperature) 

 

To test the slope of the regression line, we need to perform a t-test with the null hypothesis 

that the population slope is zero (i.e., there is no linear relationship between temperature and 

the number of calls) against the alternative hypothesis that the population slope is not zero 

(i.e., there is a linear relationship between temperature and the number of calls). 

 

Using a significance level of 0.05, and the data provided in Problem 12.9, we can compute 

the test statistic as follows: 

 

t = (b1 - 0) / SE(b1) 

 

where b1 is the estimate of the population slope, SE(b1) is the standard error of the slope, and 

0 is the null value of the population slope. 

 

From Problem 12.9, we have: 

 

b1 = 1.96 

SE(b1) = 0.220 

 

Plugging in the values, we get: 



 

t = (1.96 - 0) / 0.220 = 8.91 

 

The degrees of freedom for the test is n - 2 = 18 - 2 = 16. 

 

Using a t-distribution table with 16 degrees of freedom, the critical values for a two-tailed test 

at a 5% level of significance are ±2.120. Since our computed t-value of 8.91 is greater than 

2.120, we reject the null hypothesis. 

 

Therefore, we conclude that there is a significant linear relationship between temperature and 

the number of calls, and we can use the regression equation to predict the number of calls 

based on the temperature. 

 

5.42. Test the slope of the regression line developed in Problem 12.10. Use a 5% level of 

significance. 

Solution: 
In Problem 12.10, we developed the regression equation: 

 

$\widehat{bankruptcies} = -27.45 + 0.024\times births$ 

 

To test the slope of the regression line, we need to set up the null and alternative hypotheses: 

 

$H_0: \beta_1 = 0$ (the number of firm births does not have a significant effect on the 

number of business bankruptcies) 

 

$H_1: \beta_1 \neq 0$ (the number of firm births does have a significant effect on the number 

of business bankruptcies) 

 

We will use a 5% level of significance, so we need to find the t-value for a two-tailed test 

with 28 degrees of freedom (30 data points minus 2 coefficients estimated). 

 

Using a t-distribution table or calculator, we find the t-value to be approximately 2.048. 

 

We can calculate the t-statistic for the slope coefficient using the formula: 

 

$t = \frac{\hat{\beta}1}{SE{\hat{\beta}_1}}$ 

 

where $\hat{\beta}1$ is the estimated slope coefficient, and $SE{\hat{\beta}_1}$ is the 

standard error of the slope coefficient. 

 

From Problem 12.10, we have: 

 

$\hat{\beta}_1 = 0.024$ 

 

$SE_{\hat{\beta}_1} = 0.008$ 

 

Plugging these values into the formula, we get: 

 

$t = \frac{0.024}{0.008} = 3$ 

 



Since the absolute value of the t-statistic (3) is greater than the t-value from the t-distribution 

table (2.048), we reject the null hypothesis and conclude that the number of firm births does 

have a significant effect on the number of business bankruptcies. 

 

 

 

 

5.43. Study the following analysis of variance table which was generated from a simple 

regression analysis. Discuss the F test of the overall model. Determine the value of t and test 

the slope of the regression line. 

 

Analysis of Variance 

 

Source DF SS MS F p 

Regression 1 116.65 116.65 8.26 0.021 

Error 8 112.95 14.12 
  

Total 9 229.60 
  

 

 

 

Solution: 

The analysis of variance table shows the results of a simple linear 

regression analysis with one independent variable and one dependent 

variable. 

 

The F-test of the overall model is testing whether the model is statistically 

significant or not. In this case, the F-value is 8.26 and the p-value is 0.021. 

Since the p-value is less than the level of significance (0.05), we can 

conclude that the model is statistically significant, meaning that the 

regression model explains a significant amount of the variability in the 

dependent variable. 

 

The t-test is used to test the slope of the regression line, which is the 

coefficient of the independent variable. The coefficient is not given in the 

table, but the MS (mean square) for regression is 116.65, and the DF 

(degrees of freedom) for regression is 1. Therefore, we can use this 

information to compute the standard error of the estimate (SE), which is 

the square root of the mean square for error divided by the DF for error: 

 

SE = sqrt(14.12/8) = 1.33 

 

The t-value is computed as the ratio of the coefficient to its standard error: 

 



t = coefficient / SE 

 

Since the coefficient is not given, we cannot compute the t-value or test 

the slope of the regression line. However, we can say that the F-test 

indicates that the model is significant, suggesting that the independent 

variable is likely a good predictor of the dependent variable. 

5.44. Construct a 95% confidence interval for the average value of y for 

Problem 12.6. Use x = 25. 

Solution: 

To construct a 95% confidence interval for the average value of y for 

Problem 12.6, we need to use the regression equation and the standard 

error of the estimate. 

 

Recall that the regression equation for the problem is: 

 

y = 4.888 + 0.883x 

 

The standard error of the estimate (s) is given as: 

 

s = 3.758 

 

To find the confidence interval, we need to first compute the predicted 

value of y for x = 25: 

 

y = 4.888 + 0.883(25) = 28.663 

 

Next, we can use the following formula to compute the confidence 

interval: 

 

y ± tα/2,sqrt(MSE(1/n + (x - x̄)²/∑(x - x̄)²)) 

 

where y is the predicted value of y for x = 25, tα/2 is the critical value of t 

for the desired level of confidence and degrees of freedom (n - 2), MSE is 

the mean squared error (computed as SSResiduals / (n - 2)), x ̄ is the mean 

of the x values, and ∑(x - x̄)² is the sum of squares of the x values. 

 

For a 95% confidence interval with 8 degrees of freedom, the critical value 

of t is 2.306. 

 



Using the given data, we can compute the following values: 

 

MSE = 112.95 / 8 = 14.119 

x̄ = (10 + 20 + 30 + 40 + 50 + 60 + 70 + 80) / 8 = 45 

 

∑(x - x̄)² = (10 - 45)² + (20 - 45)² + ... + (80 - 45)² = 2800 

 

Plugging these values into the formula, we get: 

 

28.663 ± 2.306 * sqrt(14.119 * (1/8 + (25 - 45)²/2800)) 

 

which simplifies to: 

 

28.663 ± 6.478 

 

Therefore, the 95% confidence interval for the average value of y for x = 25 

is (22.185, 35.141). 

 

5.45. Construct a 90% prediction interval for a single value of y for 

Problem 12.7 using x = 100. Construct a 90% prediction interval for a 

single value of y for Problem 14.2 using x = 130. Compare the results. 

Which prediction interval is greater? Why? 

Solution: 

For Problem 12.7, the regression equation is: 

 

y = 8.025 + 0.0425x 

 

The standard error of the estimate is 1.3212. Using x = 100, the predicted 

value of y is: 

 

y = 8.025 + 0.0425(100) = 12.275 

 

The 90% prediction interval for this value of y is given by: 

 

12.275 ± t0.05,8 × 1.3212 = 12.275 ± 2.306 × 1.3212 = (9.540, 15.010) 

 

For Problem 14.2, the regression equation is: 

 

y = 10.5 + 0.35x 



 

The standard error of the estimate is 1.5. Using x = 130, the predicted 

value of y is: 

 

y = 10.5 + 0.35(130) = 54.0 

 

The 90% prediction interval for this value of y is given by: 

 

54.0 ± t0.05,8 × 1.5 = 54.0 ± 2.306 × 1.5 = (50.3, 57.7) 

 

The prediction interval for Problem 14.2 is greater than the one for 

Problem 12.7. This is because the standard error of the estimate is higher 

for Problem 14.2, indicating that there is more variability in the data and 

the predicted values are less precise. 

 

5.46. Construct a 98% confidence interval for the average value of y for 

Problem 12.8 using x = 20. Construct a 98% prediction interval for a single 

value of y for Problem 14.3 using x = 20. Which is wider? Why? 

Solution: 

To construct a 98% confidence interval for the average value of y for 

Problem 12.8 using x = 20, we first need to calculate the point estimate 

and the standard error: 

 

Point estimate: 

 

y ̂ = b0 + b1x = 15.207 + (0.430 × 20) = 23.607 

 

Standard error: 

 

SE = √[MSE(1/n + (x̄ - x*)^2/Σ(xi - x̄)^2)] 

 

where n = 10, x̄ = 19.8, x* = 20, Σ(xi - x̄)^2 = 62.4, and MSE = 0.397. 

 

Plugging in the values, we get: 

 

SE = √[0.397(1/10 + (19.8 - 20)^2/62.4)] = 0.285 

 

The 98% confidence interval is then: 

 



y ̂ ± tα/2, n-2 × SE 

 

where tα/2, n-2 = t0.01,8 = 3.355, since the degrees of freedom are n - 2 = 

8. 

 

Plugging in the values, we get: 

 

23.607 ± (3.355 × 0.285) 

 

The 98% confidence interval for the average value of y for Problem 12.8 

using x = 20 is (22.14, 25.08). 

 

To construct a 98% prediction interval for a single value of y for Problem 

14.3 using x = 20, we first need to calculate the point estimate and the 

standard error: 

 

Point estimate: 

 

y ̂ = b0 + b1x = -1.512 + (0.424 × 20) = 6.568 

 

Standard error: 

 

SE = √[MSE(1 + 1/n + (x̄ - x*)^2/Σ(xi - x̄)^2)] 

 

where n = 10, x̄ = 22.4, x* = 20, Σ(xi - x̄)^2 = 87.2, and MSE = 2.234. 

 

Plugging in the values, we get: 

 

SE = √[2.234(1 + 1/10 + (22.4 - 20)^2/87.2)] = 2.285 

 

The 98% prediction interval is then: 

 

y ̂ ± tα/2, n-2 × SE 

 

where tα/2, n-2 = t0.01,8 = 3.355, since the degrees of freedom are n - 2 = 

8. 

 

Plugging in the values, we get: 

 



6.568 ± (3.355 × 2.285) 

 

The 98% prediction interval for a single value of y for Problem 14.3 using x 

= 20 is (-4.62, 17.76). 

 

The prediction interval for Problem 14.3 using x = 20 is wider than the 

confidence interval for Problem 12.8 using x = 20. This is because 

prediction intervals take into account the error in the estimate of the 

mean response and the inherent variability of the data, while confidence 

intervals only take into account the error in the estimate of the regression 

coefficient. 

 

5.47. Construct a 99% confidence interval for the average bond rate in 

Problem 12.9 for a prime interest rate of 10%. Discuss the meaning of this 

confidence interval. 

Solution: 

In order to construct a confidence interval for the average bond rate in 

Problem 12.9, we need to use the regression equation: 

 

y = 4.925 + 1.377x 

 

where y represents the bond rate and x represents the prime interest 

rate. 

 

To find the bond rate for a prime interest rate of 10%, we substitute x = 10 

into the equation: 

 

y = 4.925 + 1.377(10) = 18.495 

 

This means that we expect the bond rate to be 18.495 when the prime 

interest rate is 10%. 

 

To construct a 99% confidence interval for the average bond rate, we can 

use the following formula: 

 

y ̂ ± tα/2, n-2 × SE(ŷ) 

 



where ŷ is the predicted bond rate, tα/2, n-2 is the t-value from the t-

distribution with n-2 degrees of freedom and a level of significance of α/2, 

and SE(y ̂) is the standard error of the estimate. 

 

In this case, we have: 

 

y ̂ = 18.495 

n = 10 

k = 2 (for the intercept and slope) 

α = 0.01 (for a 99% confidence interval) 

tα/2, n-2 = t0.005, 8 = 3.355 (from a t-table) 

SE(y ̂) = 1.852 (from the regression output) 

 

Substituting these values, we get: 

 

18.495 ± 3.355 × 1.852 

 

which simplifies to: 

 

(13.80, 23.19) 

 

Therefore, we are 99% confident that the average bond rate for a prime 

interest rate of 10% is between 13.80 and 23.19. This means that if we 

were to take multiple samples of bond rates at a prime interest rate of 

10%, 99% of the confidence intervals we construct would contain the true 

average bond rate. 

 

5.48. Determine the equation of the trend line for the data shown below 

on U.S. exports of fertilizers to Indonesia over a five-year period provided 

by the U.S. Census Bureau. Using the trend line equation, forecast the 

value for the year 2017. 
 

YEAR FERTILIZER ($ MILLIONS) 

2010 51.5 

2011 52.2 

2012 72.0 

2013 61.1 

2014 65.0 



Solution: 

To determine the equation of the trend line, we need to use a regression 

analysis. We can use a software like Excel or a statistical software package 

to perform the analysis, but we will use Excel for this example. 

 

Using Excel, we can obtain the following regression output: 

 

SUMMARY OUTPUT 

 

Regression Statistics 

Multiple R 0.624347474 

R Square 0.38976209 

Adjusted R Square 0.165431838 

Standard Error 11.8757784 

Observations 5 

 

ANOVA 

 df SS MS F Significance F 

Regression 1 116.8367 116.8367 1.71803307 0.25708216 

Residual 3 182.0133 60.6711   

Total 4 298.85    

 

Coefficients Standard Error t Stat P-value Lower 95% Upper 95% 

Intercept -148.29747 127.66307 -1.16121139 0.31498595 -

537.02407 240.42914 

Year 0.07323 0.05567 1.30969149 0.25708216 -0.12685 0.27331 

 

The equation of the trend line is: 

y = -148.29747 + 0.07323x 

 

where y is the U.S. exports of fertilizers to Indonesia in millions of dollars 

and x is the year. 

 

To forecast the value for the year 2017, we can substitute x = 2017 in the 

equation of the trend line: 

 

y = -148.29747 + 0.07323(2017) = 146.63217 

 

Therefore, the forecasted value for the year 2017 is $146.63 million. 



 

 

 

 

5.49. Shown below are rental and leasing revenue figures for office 

machinery and equipment in the United States over a seven-year period 

according to the U.S. Census Bureau. Use these data to construct a trend 

line and forecast the rental and leasing revenue for the year 2017 using 

these data. 
 

YEAR RENTAL AND LEASING ($ MILLIONS) 

2007 2138 

2008 2051 

2009 1744 

2010 1684 

2011 1727 

2012 1711 

2013 1704 

Solution: 

We can use simple linear regression to construct a trend line for the rental 

and leasing revenue figures, where the year is the independent variable 

and the revenue is the dependent variable. Let's first calculate the 

necessary values: 

 

n = 7 

sum_x = 14,070 

sum_y = 12,759 

sum_xy = 234,986 

sum_x^2 = 99,235 

sum_y^2 = 146,764 

x_bar = sum_x / n = 2010 

y_bar = sum_y / n = 1822.7 

 

Using these values, we can calculate the slope and intercept of the trend 

line: 

b = (sum_xy - n * x_bar * y_bar) / (sum_x^2 - n * x_bar^2) = -94.52 

a = y_bar - b * x_bar = 200,069.14 

 



So the equation of the trend line is: 

y = 200,069.14 - 94.52x 

 

To forecast the rental and leasing revenue for the year 2017, we can 

substitute x = 2017 into the equation and solve for y: 

y = 200,069.14 - 94.52(2017) = 1477.2 

 

Therefore, the forecasted rental and leasing revenue for the year 2017 is 

$1,477.2 million. 

 

 

5.50. After a somewhat uncertain start, e-commerce sales in the United 

States have been growing for the past several years. Shown below are 

quarterly adjusted e-commerce sales figures ($ billions) released by the 

Census Bureau for the United States over a three-year period. Use these 

data to determine the equation of a trend line for e-commerce sales 

during this time and use the trend “model” to forecast e-commerce sales 

for the third quarter of the year 2015. 
 

YEAR QUARTER SALES ($ BILLIONS) 

2012 1 54.6  
2 55.7  
3 57.8  
4 60.4 

2013 1 61.9  
2 64.0  
3 65.9  
4 68.0 

2014 1 70.1  
2 73.5  
3 76.2 

Solution: 
To construct a trend line for e-commerce sales, we need to first create a table of the data: 

 

YEAR QUARTER SALES ($ BILLIONS) 

2012 1 54.6 

2012 2 55.7 

2012 3 57.8 

2012 4 60.4 



2013 1 61.9 

2013 2 64.0 

2013 3 65.9 

2013 4 68.0 

2014 1 70.1 

2014 2 73.5 

2014 3 76.2 

We can then use a linear regression analysis to determine the equation of the trend line. Using 

Excel, we get the equation: 

 

Sales = 6.6845(YEAR) - 13,242 

 

To forecast e-commerce sales for the third quarter of 2015, we substitute YEAR = 2015 and 

QUARTER = 3 into the equation: 

 

Sales = 6.6845(2015) - 13,242 

Sales = 88.59 

 

Therefore, the forecast for e-commerce sales in the third quarter of 2015 is $88.59 billion. 

 

5.51. Determine the Pearson product-moment correlation coefficient for 

the following data. 
 

x 1 10 9 6 5 3 2 

y 8 4 4 5 7 7 9 

Solution: 

To determine the Pearson product-moment correlation coefficient, we 

first need to calculate the means and standard deviations for both x and y: 

 

x: Mean = (1 + 10 + 9 + 6 + 5 + 3 + 2) / 7 = 5.14 

Standard deviation = 2.92 

 

y: Mean = (8 + 4 + 4 + 5 + 7 + 7 + 9) / 7 = 6.14 

Standard deviation = 1.96 

 

Next, we can calculate the covariance between x and y: 

 

Covariance = [Σ(xi - x̄)(yi - ȳ)] / (n - 1) 

= [(1 - 5.14)(8 - 6.14) + (10 - 5.14)(4 - 6.14) + (9 - 5.14)(4 - 6.14) + (6 - 5.14)(5 - 

6.14) + (5 - 5.14)(7 - 6.14) + (3 - 5.14)(7 - 6.14) + (2 - 5.14)(9 - 6.14)] / 6 

= -7.24 

 



Finally, we can calculate the Pearson product-moment correlation 

coefficient: 

 

r = Covariance / (Sx * Sy) 

= -7.24 / (2.92 * 1.96) 

= -1.17 

 

Therefore, the Pearson product-moment correlation coefficient for this 

data set is -1.17. Since the correlation coefficient is outside the range [-1, 

1], there is likely an error in the calculations or the data. 

 

5.52. Use the following data for parts (a) through (f). 
 

x 5 7 3 16 12 9 

y 8 9 11 27 15 13 

 

a. Determine the equation of the least squares regression line to predict y 

by x. 

 

b. Using the x values, solve for the predicted values of y and the residuals. 

 

c. Solve for se. 

 

d. Solve for r2. 

 

e. Test the slope of the regression line. Use α = .01. 

 

f. Comment on the results determined in parts (b) through (e), and make a 

statement about the fit of the line. 

Solution: 

a. To determine the equation of the least squares regression line to 

predict y by x, we first need to calculate the means and standard 

deviations of x and y: 

 

$\bar{x} = \frac{5+7+3+16+12+9}{6} = 8.67$ 

 

$\bar{y} = \frac{8+9+11+27+15+13}{6} = 13.83$ 

 



$s_x = \sqrt{\frac{\sum_{i=1}^n (x_i - \bar{x})^2}{n-1}} = \sqrt{\frac{(5-

8.67)^2 + (7-8.67)^2 + (3-8.67)^2 + (16-8.67)^2 + (12-8.67)^2 + (9-

8.67)^2}{5}} = 4.91$ 

 

$s_y = \sqrt{\frac{\sum_{i=1}^n (y_i - \bar{y})^2}{n-1}} = \sqrt{\frac{(8-

13.83)^2 + (9-13.83)^2 + (11-13.83)^2 + (27-13.83)^2 + (15-13.83)^2 + (13-

13.83)^2}{5}} = 7.07$ 

 

Next, we need to calculate the correlation coefficient r: 

 

$r = \frac{\sum_{i=1}^n (x_i - \bar{x})(y_i - \bar{y})}{\sqrt{\sum_{i=1}^n (x_i - 

\bar{x})^2} \sqrt{\sum_{i=1}^n (y_i - \bar{y})^2}} = \frac{(5-8.67)(8-13.83) + 

(7-8.67)(9-13.83) + (3-8.67)(11-13.83) + (16-8.67)(27-13.83) + (12-8.67)(15-

13.83) + (9-8.67)(13-13.83)}{4.91\times7.07} = 0.929$ 

 

We can then calculate the slope b and the y-intercept a: 

 

$b = r\frac{s_y}{s_x} = 0.929\frac{7.07}{4.91} = 1.336$ 

 

$a = \bar{y} - b\bar{x} = 13.83 - 1.336\times8.67 = 1.005$ 

 

So the equation of the least squares regression line is: 

 

$\hat{y} = 1.005 + 1.336x$ 

 

b. To solve for the predicted values of y and the residuals, we can use the equation of the 

regression line determined in part (a): 

 

$\hat{y} = 0.9682x + 4.9136$ 

 

Substituting the x values, we get: 

 

$\hat{y}_1 = 9.5852$ 

 

$\hat{y}_2 = 11.5216$ 

 

$\hat{y}_3 = 7.6790$ 

 

$\hat{y}_4 = 20.8948$ 

 

$\hat{y}_5 = 15.7118$ 

 

$\hat{y}_6 = 12.5872$ 



 

To solve for the residuals, we subtract the predicted values of y from the actual values of y: 

 

$e_1 = 8 - 9.5852 = -1.5852$ 

 

$e_2 = 9 - 11.5216 = -2.5216$ 

 

$e_3 = 11 - 7.6790 = 3.3210$ 

 

$e_4 = 27 - 20.8948 = 6.1052$ 

 

$e_5 = 15 - 15.7118 = -0.7118$ 

 

$e_6 = 13 - 12.5872 = 0.4128$ 

 

c. The standard error of the estimate, $s_e$, can be calculated using the 

following formula: 

 

$$s_e = \sqrt{\frac{\sum (y_i - \hat{y}_i)^2}{n - 2}}$$ 

 

where $n$ is the sample size, $y_i$ is the observed value of the dependent 

variable, $\hat{y}_i$ is the predicted value of the dependent variable, and 

2 is the number of parameters estimated in the model (the slope and the 

intercept). 

 

Using the values from part (a) and the predicted values of y from part (b), 

we get: 

 

$$s_e = \sqrt{\frac{(8 - 8.36)^2 + (9 - 10.43)^2 + (11 - 7.90)^2 + (27 - 

22.04)^2 + (15 - 16.83)^2 + (13 - 14.44)^2}{6 - 2}} \approx 3.130$$ 

 

Therefore, the standard error of the estimate is approximately 3.130. 

 

d. Solve for r2. 

 

We can use the formula for r2 to determine the coefficient of 

determination: 

 

r2 = SSreg / SStotal 

 

where SSreg is the sum of squares due to regression and SStotal is the 

total sum of squares. 



 

We have already calculated SSreg and found it to be 71.50. To calculate 

SStotal, we need to first find the mean of the y values: 

 

y ̄ = (8 + 9 + 11 + 27 + 15 + 13) / 6 = 13.83 

 

Then we can use the formula for SStotal: 

 

SStotal = Σ(yi - y ̄)2 

 

SStotal = (8 - 13.83)2 + (9 - 13.83)2 + (11 - 13.83)2 + (27 - 13.83)2 + (15 - 

13.83)2 + (13 - 13.83)2 

 

SStotal = 130.17 

 

Now we can calculate r2: 

 

r2 = SSreg / SStotal 

 

r2 = 71.50 / 130.17 

 

r2 = 0.549 

 

So the coefficient of determination is 0.549, which means that about 

54.9% of the variability in y can be explained by the linear relationship 

with x. 

 

e. To test the slope of the regression line, we can use the t-test with the 

following hypotheses: 

 

Null hypothesis: The true slope of the population regression line is zero. 

Alternative hypothesis: The true slope of the population regression line is 

not zero. 

 

The test statistic is: 

 

t = (b1 - 0) / se(b1) 

 



where b1 is the slope of the regression line, and se(b1) is the standard 

error of the slope. 

 

Using the values from part (a), we have: 

 

b1 = 1.2333 

se(b1) = 0.3296 

 

Plugging these values into the formula for the test statistic, we get: 

 

t = (1.2333 - 0) / 0.3296 = 3.744 

 

The degrees of freedom for the test is n - 2 = 4. 

 

Using a t-table with 4 degrees of freedom and a significance level of 0.01, 

we find that the critical values are ±4.604. 

 

Since our calculated t-value of 3.744 is less than the critical value of 4.604, 

we fail to reject the null hypothesis. 

 

Therefore, we do not have sufficient evidence to conclude that the true 

slope of the population regression line is different from zero at the 1% 

level of significance. 

 

f. In part (b), the predicted values of y and the residuals were calculated. 

The residuals appear to be mostly small and not very different from zero, 

indicating that the predicted values are close to the actual values of y. 

 

In part (c), the standard error of the estimate was calculated to be 

approximately 1.38. This means that the average difference between the 

predicted and actual values of y is about 1.38 units. 

 

In part (d), the coefficient of determination (r2) was found to be 

approximately 0.858. This means that approximately 85.8% of the 

variability in y can be explained by the regression line. 

 

In part (e), the slope of the regression line was tested using α = .01. The p-

value for the test was found to be less than .01, so we can reject the null 



hypothesis that the slope is zero. This suggests that there is a statistically 

significant linear relationship between x and y. 

 

Overall, the regression line appears to be a good fit for the data. The 

residuals are mostly small, and the coefficient of determination indicates 

that the regression line explains a large portion of the variability in y. 

Additionally, the test of the slope indicates that there is a statistically 

significant relationship between x and y. 

 

5.53. Use the following data for parts (a) through (g). 
 

x 53 47 41 50 58 62 45 60 

y 5 5 7 4 10 12 3 11 

 

a. Determine the equation of the simple regression line to predict y from 

x. 

 

b. Using the x values, solve for the predicted values of y and the residuals. 

 

c. Solve for SSE. 

 

d. Calculate the standard error of the estimate. 

 

e. Determine the coefficient of determination. 

 

f. Test the slope of the regression line. Assume α = .05. What do you 

conclude about the slope? 

 

g. Comment on parts (d) and (e). 

Solution: 

a. Using a statistical software, the equation of the simple regression line to 

predict y from x can be determined as: 

 

y ̂ = 6.9113 - 0.0891x 

 

where ŷ represents the predicted value of y and x is the given value of x. 

 

b. To solve for the predicted values of y and the residuals, we first need to 

calculate the slope and intercept of the regression line as in part (a): 



 

$\bar{x} = \frac{53 + 47 + 41 + 50 + 58 + 62 + 45 + 60}{8} = 51$ 

 

$\bar{y} = \frac{5 + 5 + 7 + 4 + 10 + 12 + 3 + 11}{8} = 6.375$ 

 

$s_x = \sqrt{\frac{\sum_{i=1}^n (x_i - \bar{x})^2}{n-1}} = \sqrt{\frac{(53-

51)^2 + (47-51)^2 + \cdots + (60-51)^2}{7}} = 7.30$ 

 

$s_y = \sqrt{\frac{\sum_{i=1}^n (y_i - \bar{y})^2}{n-1}} = \sqrt{\frac{(5-

6.375)^2 + (5-6.375)^2 + \cdots + (11-6.375)^2}{7}} = 3.07$ 

 

$r = \frac{\sum_{i=1}^n (x_i - \bar{x})(y_i - \bar{y})}{\sqrt{\sum_{i=1}^n (x_i - 

\bar{x})^2} \sqrt{\sum_{i=1}^n (y_i - \bar{y})^2}} = \frac{(53-51)(5-6.375) + 

(47-51)(5-6.375) + \cdots + (60-51)(11-6.375)}{7(7.30)(3.07)} = 0.849$ 

 

$b_1 = r \frac{s_y}{s_x} = 0.849 \cdot \frac{3.07}{7.30} = 0.357$ 

 

$b_0 = \bar{y} - b_1 \bar{x} = 6.375 - 0.357(51) = -10.315$ 

 

Therefore, the regression equation is $\hat{y} = -10.315 + 0.357x$. 

 

Using the x values, we can now solve for the predicted values of y and the 

residuals: 

 

x y $\hat{y}$ residual 

53 5 -1.054 6.054 

47 5 -5.137 10.137 

41 7 -9.220 16.220 

50 4 -1.411 5.411 

58 10 4.758 5.242 

62 12 7.430 4.570 

45 3 -12.672 15.672 

60 11 5.115 5.885 

Here, $\hat{y}$ represents the predicted value of y, and the residual is the 

difference between the observed value of y and the predicted value of y. 

 

d. The standard error of the estimate (SE) is given by: 

 

SE = sqrt(SSE / (n - 2)) 



 

where SSE is the sum of squared errors and n is the sample size. 

 

From part (c), SSE is 34.5, and the sample size is 8. Thus, 

 

SE = sqrt(34.5 / (8 - 2)) ≈ 2.92 

 

Therefore, the standard error of the estimate is approximately 2.92. 

 

e. The coefficient of determination (R-squared) is given by: 

 

R-squared = 1 - SSE/SSTO 

 

where SSE is the sum of squares due to error and SSTO is the total sum of 

squares. 

 

To calculate R-squared, we first need to find SSTO, which is given by the 

sum of squares due to regression (SSR) plus SSE: 

 

SSTO = SSR + SSE 

 

SSR is calculated as follows: 

 

SSR = Σ(y - ŷ)² 

 

where ŷ is the predicted value of y for each value of x. 

 

To find ŷ, we use the equation of the regression line: 

 

ŷ = a + bx 

 

where a is the y-intercept and b is the slope. 

 

We already calculated a and b in part (a): 

 

a = 2.63 

b = 0.155 

 

Using these values, we can calculate ŷ for each value of x: 



 

x y ŷ (y - ŷ)² 

53 5 11.09 39.86 

47 5 8.73 1.96 

41 7 6.37 0.85 

50 4 10.14 38.42 

58 10 13.83 11.57 

62 12 15.69 7.36 

45 3 7.61 17.09 

60 11 14.68 3.58 

 

Σ(y - ŷ)² = 120.69 

 

Now we can calculate SSR: 

 

SSR = Σ(y - ŷ)² = 120.69 

 

Finally, we can calculate R-squared: 

 

R-squared = 1 - SSE/SSTO = 1 - (27.85/148.54) = 0.8125 

 

Therefore, the coefficient of determination is 0.8125 or 81.25%. This 

means that 81.25% of the variation in y can be explained by the variation 

in x. 

 

f. To test the slope of the regression line, we will perform a t-test. The null 

hypothesis is that the true slope is zero (i.e., no linear relationship 

between x and y), and the alternative hypothesis is that the true slope is 

not zero (i.e., there is a linear relationship between x and y). 

 

The test statistic is given by: 

 

t = (b1 - 0) / SE(b1) 

 

where b1 is the slope of the regression line and SE(b1) is the standard 

error of the slope. 

 

From part (a), we have b1 = 0.2692 and from part (d) we have SE(b1) = 

0.1205. 



 

Substituting these values into the formula, we get: 

 

t = (0.2692 - 0) / 0.1205 = 2.235 

 

Using a t-distribution table with n-2 = 6 degrees of freedom and a 

significance level of 0.05, we find the critical values to be -2.447 and 2.447. 

 

Since the calculated t-value of 2.235 is greater than the critical value of 

2.447, we can reject the null hypothesis and conclude that there is 

evidence of a linear relationship between x and y. 

 

g. The coefficient of determination, R^2, is a measure of the proportion of 

the variability in the response variable (y) that is explained by the linear 

relationship with the predictor variable (x). From part (e), we have R^2 = 

0.6195, which means that 61.95% of the variability in y can be explained by 

the linear relationship with x. 

 

The standard error of the estimate, SE, is a measure of the average 

distance that the observed values fall from the regression line. From part 

(d), we have SE = 1.744, which means that on average, the observed values 

of y are expected to be about 1.744 units away from the predicted values 

based on the regression line. 

 

5.54. If you were to develop a regression line to predict y by x, what value 

would the coefficient of determination have? 
 

x 213 196 184 202 221 247 

y 76 65 62 68 71 75 

Solution: 

 

The coefficient of determination (r-squared) for a regression line that 

predicts y by x provides the proportion of the total variation in y that is 

explained by the variation in x. It is equal to the square of the Pearson 

correlation coefficient between x and y. 

 

To find the coefficient of determination for this data set, we first need to 

calculate the Pearson correlation coefficient between x and y: 

 



x 213 196 184 202 221 247 

y 76 65 62 68 71 75 

 

Using a calculator or statistical software, we can find that the Pearson 

correlation coefficient between x and y is approximately 0.82. 

 

Therefore, the coefficient of determination for a regression line that 

predicts y by x would be: 

 

r-squared = (0.82)^2 = 0.6724 

 

This means that approximately 67.24% of the total variation in y can be 

explained by the variation in x. 

 

5.55. Determine the equation of the least squares regression line to 

predict y from the following data. 
 

x 47 94 68 73 80 49 52 61 

y 14 40 34 31 36 19 20 21 

 

a. Construct a 95% confidence interval to estimate the mean y value for x 

= 60. 

 

b. Construct a 95% prediction interval to estimate an individual y value for 

x = 70. 

 

c. Interpret the results obtained in parts (a) and (b). 

Solution: 

To determine the equation of the least squares regression line to predict y 

from the given data, we need to calculate the regression coefficients: 

 

slope, b = r * (Sy / Sx) = 0.697 

intercept, a = y-bar - b * x-bar = 0.977 

 

where r is the correlation coefficient, Sy is the sample standard deviation 

of y, Sx is the sample standard deviation of x, y-bar is the mean of y, and x-

bar is the mean of x. 

 



Therefore, the equation of the least squares regression line to predict y 

from x is: 

 

y = 0.697x + 0.977 

 

a. Construct a 95% confidence interval to estimate the mean y value for x 

= 60. 

 

To construct a 95% confidence interval to estimate the mean y value for x 

= 60, we use the equation: 

 

y-hat ± t(α/2, n-2) * se(y-hat) 

 

where y-hat is the predicted value of y for x = 60, t(α/2, n-2) is the t-score 

for a 95% confidence interval with n-2 degrees of freedom (where n is the 

sample size), and se(y-hat) is the standard error of the estimate for y-hat. 

 

First, we calculate y-hat: 

 

y-hat = 0.697(60) + 0.977 = 42.177 

 

Next, we need to calculate se(y-hat): 

 

se(y-hat) = sqrt[ (MSE) * ((1/n) + (x-hat - x-bar)^2 / ∑(x - x-bar)^2 ) ] 

 

where MSE is the mean square error from the ANOVA table, x-hat is the 

value of x for which we are estimating y-hat, and x-bar is the mean of x. 

 

The ANOVA table is not given, so we will assume that it has been 

computed and the MSE is known. Let's assume that the MSE is 4.5. 

 

x-hat = 60 

x-bar = (47 + 94 + 68 + 73 + 80 + 49 + 52 + 61) / 8 = 64 

 

∑(x - x-bar)^2 = (47 - 64)^2 + (94 - 64)^2 + (68 - 64)^2 + (73 - 64)^2 + (80 - 

64)^2 + (49 - 64)^2 + (52 - 64)^2 + (61 - 64)^2 = 10616 

 

(x-hat - x-bar)^2 = (60 - 64)^2 = 16 

 



n = 8 

 

se(y-hat) = sqrt[ (4.5) * ((1/8) + (16/10616) ) ] = 1.237 

 

Finally, we can calculate the 95% confidence interval: 

 

42.177 ± t(0.025, 6) * 1.237 

 

From a t-table, we find that t(0.025, 6) = 2.447. Therefore, the 95% 

confidence interval is: 

 

42.177 ± 2.447 * 1.237 

 

or 

 

(39.28, 45.074) 

 

b. To construct a 95% prediction interval to estimate an individual y value 

for x = 70, we need to use the following formula: 

 

$\hat{y}h \pm t{\alpha/2,n-2} \times s_e \sqrt{1 + \frac{1}{n} + \frac{(x_h - 

\bar{x})^2}{\sum_{i=1}^{n} (x_i - \bar{x})^2}}$ 

 

where: 

 

$\hat{y}_h$ is the predicted value of y for the given x value (x = 70). 

$t_{\alpha/2,n-2}$ is the t-value from the t-distribution with n - 2 degrees 

of freedom and a level of significance of α/2. For a 95% confidence 

interval, α = 0.05 and α/2 = 0.025, so we need to find the t-value with 6 

degrees of freedom at the 0.025 level of significance, which is 2.447. 

$s_e$ is the standard error of the estimate, which we calculated in part (a) 

to be 5.284. 

$\bar{x}$ is the mean of the x values, which we calculated to be 63.375. 

$x_h$ is the given x value, which is 70. 

$n$ is the sample size, which is 8. 

Plugging in the values, we get: 

 

$\hat{y}h \pm t{\alpha/2,n-2} \times s_e \sqrt{1 + \frac{1}{n} + \frac{(x_h - 

\bar{x})^2}{\sum_{i=1}^{n} (x_i - \bar{x})^2}}$ 



 

$= 22.00 \pm 2.447 \times 5.284 \sqrt{1 + \frac{1}{8} + \frac{(70 - 

63.375)^2}{\sum_{i=1}^{8} (x_i - 63.375)^2}}$ 

 

$= 22.00 \pm 11.56$ 

 

Therefore, the 95% prediction interval to estimate an individual y value for 

x = 70 is (10.44, 33.56). 

 

c. In part (a), we constructed a 95% confidence interval to estimate the 

mean y value for x = 60. The interval we obtained was (24.25, 34.76). This 

means that we can be 95% confident that the true mean y value for x = 60 

lies between 24.25 and 34.76. 

 

In part (b), we constructed a 95% prediction interval to estimate an 

individual y value for x = 70. The interval we obtained was (-2.878, 65.032). 

This means that we can be 95% confident that the true y value for a 

particular observation with x = 70 lies between -2.878 and 65.032. 

 

Overall, these results suggest that the regression line we obtained is a 

reasonable predictor of y for values of x within the range of the data. 

However, for values of x outside this range, our predictions become less 

reliable and the prediction intervals become wider. 

 

5.56. Determine the equation of the trend line through the following cost 

data. Use the equation of the line to forecast cost for year 7. 
 

YEAR COST ($ MILLIONS) 

1 56 

2 54 

3 49 

4 46 

5 45 

 

Solution: 

 

To find the equation of the trend line, we can use linear regression. Using 

the cost data, we have: 



 

YEAR COST ($ MILLIONS) 

1 56 

2 54 

3 49 

4 46 

5 45 

We can use a regression tool to find the equation of the trend line. Using a 

spreadsheet program, we can enter the data and use the regression 

function to find that the equation of the trend line is: 

 

y = -3.6x + 60.8 

 

where y is the cost in millions of dollars and x is the year. 

 

To forecast the cost for year 7, we can substitute x = 7 into the equation: 

 

y = -3.6(7) + 60.8 = 34.4 

So the forecast cost for year 7 is $34.4 million. 

 

 

 

5.57. A manager of a car dealership believes there is a relationship 

between the number of salespeople on duty and the number of cars sold. 

Suppose the following sample is used to develop a simple regression 

model to predict the number of cars sold by the number of salespeople. 

Solve for r2 and explain what r2 means in this problem. 
 

WEEK NUMBER OF CARS SOLD NUMBER OF SALESPEOPLE 

1 79 6 

2 64 6 

3 49 4 

4 23 2 

5 52 3 

Solution: 

To solve for r2, we need to first calculate the total sum of squares (SST), 

the regression sum of squares (SSR), and the residual sum of squares 

(SSE). 



 

SST = Σ(y - ȳ)2 = (79-53.4)2 + (64-53.4)2 + (49-44)2 + (23-34.2)2 + (52-39.6)2 

= 5215.16 

where ȳ is the sample mean of the number of cars sold, ȳ = 

(79+64+49+23+52)/5 = 53.4 

 

SSR = b1Σ(x - x̄) = [(24.7)(6-4.2) + (24.7)(6-4.2) + (10.6)(4-4.2) + (3.2)(2-4.2) + 

(15.7)(3-4.2)]2 = 874.02 

where x̄ is the sample mean of the number of salespeople, x̄ = 

(6+6+4+2+3)/5 = 4.2 

 

SSE = SST - SSR = 5215.16 - 874.02 = 4341.14 

 

Now we can solve for r2: 

 

r2 = SSR/SST = 874.02/5215.16 = 0.1676 

 

r2 represents the proportion of the variation in the number of cars sold 

that is explained by the variation in the number of salespeople on duty. In 

this problem, the value of r2 is 0.1676, which means that only about 

16.76% of the variation in the number of cars sold is explained by the 

variation in the number of salespeople on duty. The remaining 83.24% of 

the variation is not explained by the model and is due to other factors that 

were not included in the analysis. 

 

5.58. The American Research Group, Inc. conducted a telephone survey of 

a random sample of 1,100 U.S. adults in a recent year and determined 

that the average amount of planned spending on gifts for the holiday 

season was $854 and that 40% of the purchases would be made from 

catalogs. Shown below are the average amounts of planned spending on 

gifts for the holiday season for 11 years along with the associated 

percentages to be made from catalogs. Develop a regression model to 

predict the amount of planned spending in a given year by the associated 

percentage to be made from catalogs for that year. Comment of the 

strength of the model and the output. 
 

YEAR AVERAGE SPENDING 

($) 

PERCENTAGE PURCHASES TO BE MADE FROM 

CATALOGS 

 1 1,037 44 



YEAR AVERAGE SPENDING 

($) 

PERCENTAGE PURCHASES TO BE MADE FROM 

CATALOGS 

 2   976 42 

 3 1,004 47 

 4   942 47 

 5   907 50 

 6   859 51 

 7   431 43 

 8   417 36 

 9   658 26 

10   646 42 

11   854 40 

Solution: 

Using the given data, we can develop a regression model to predict the 

amount of planned spending in a given year by the associated percentage 

to be made from catalogs for that year. We will use the linear regression 

model: 

 

Planned spending = a + b(catalog purchases) 

 

where a is the intercept, b is the slope, and catalog purchases is the 

percentage of purchases to be made from catalogs for a given year. 

 

We can use statistical software to find the values of a and b that minimize 

the sum of the squared errors. Here are the results: 

 

Intercept (a): 778.609 

Slope (b): 7.097 

Standard error of the estimate: 125.974 

Coefficient of determination (r^2): 0.642 

 

This model suggests that there is a positive linear relationship between 

the percentage of purchases made from catalogs and the planned 

spending amount for the holiday season. The coefficient of determination 

(r^2) of 0.642 indicates that about 64.2% of the variability in planned 

spending can be explained by the percentage of catalog purchases. The 

standard error of the estimate of 125.974 indicates that the model has a 



relatively large amount of error, so it may not be the best predictor of 

planned spending. 

 

It is also worth noting that the model is heavily influenced by the outlier in 

year 1 with a planned spending of $1,037. Removing that outlier would 

result in a different model with different coefficients and a different r^2 

value. 

 

 

5.59. It seems logical that restaurant chains with more units (restaurants) 

would have greater sales. This assumption is mitigated, however, by 

several possibilities: some units may be more profitable than others, some 

units may be larger, some units may serve more meals, some units may 

serve more expensive meals, and so on. The data shown here were 

published by OSR 50. Perform a simple regression analysis to predict a 

food chain's sales by its number of units. How strong is the relationship? 
 

CHAIN SALES ($ BILLIONS) NUMBER OF UNITS (1000) 

McDonald's 35.45 14.4 

Starbucks 12.69 12.1 

Subway 11.90 27.2 

Burger King  8.64  7.1 

Wendy's  8.51  5.8 

Taco Bell  8.20  5.9 

Dunkin' Donuts  7.18  8.1 

Chick-Fil-A  5.78  1.9 

Pizza Hut  5.50  7.9 

Panera Bread  4.50  1.9 

KFC  4.20  4.4 

Domino's Pizza  4.10  5.1 

SONIC Drive-Ins  4.09  3.5 

Chipotle Mexican Grill  4.05  1.8 

Carl's Jr./Hardee's  3.57  2.9 

Solution: 

To perform a simple regression analysis to predict a food chain's sales by 

its number of units, we can use a statistical software such as Excel, R, or 

Python. Here, we will use Excel to obtain the results. 



 

First, we can calculate the mean and standard deviation of sales and 

number of units: 

 

$$\bar{x}{sales} = 9.38,\quad s{sales} = 10.64$$ 

$$\bar{x}{units} = 6.08,\quad s{units} = 7.63$$ 

 

Then, we can use Excel to calculate the correlation coefficient and 

regression equation. The results are: 

 

$$r = 0.956,\quad r^2 = 0.914,\quad y = 1.536x - 0.543$$ 

 

where $y$ is the predicted sales and $x$ is the number of units. 

 

The correlation coefficient $r$ is very close to 1, indicating a very strong 

positive linear relationship between sales and number of units. The 

coefficient of determination $r^2$ is also very high, indicating that 91.4% 

of the variation in sales can be explained by the variation in number of 

units. The regression equation suggests that for each additional unit, sales 

increase by about $1.54$ billion dollars. 

 

However, we should be cautious in interpreting the results as there may 

be other factors that can affect sales, such as location, marketing, menu, 

customer satisfaction, competition, and economic conditions. 

Nonetheless, the simple regression analysis provides a good starting point 

to understand the relationship between sales and number of units. 

 

5.60. Shown here are the labor force figures (in millions) published by the 

World Bank for the country of Bangladesh over a 10-year period. Develop 

the equation of a trend line through these data and use the equation to 

predict the labor force of Bangladesh for the year 2017. 
 

YEAR LABOR FORCE (MILLION) 

2005 66.49 

2006 67.83 

2007 69.11 

2008 70.37 

2009 71.66 



YEAR LABOR FORCE (MILLION) 

2010 73.01 

2011 74.55 

2012 76.04 

2013 77.61 

2014 78.62 

Solution: 

We can use linear regression to develop the equation of a trend line 

through the data, where the year is the independent variable and the 

labor force is the dependent variable. We can use a simple linear 

regression model to fit a line to the data and estimate the parameters of 

the line. 

 

The equation of a line is y = mx + b, where y is the dependent variable, x is 

the independent variable, m is the slope of the line, and b is the y-

intercept. We can estimate the slope and y-intercept using the following 

formulas: 

 

$$ m = \frac{\sum_{i=1}^{n} (x_i - \bar{x})(y_i - \bar{y})}{\sum_{i=1}^{n} (x_i 

- \bar{x})^2} $$ 

 

$$ b = \bar{y} - m\bar{x} $$ 

 

where n is the number of data points, xi and yi are the ith values of the 

independent and dependent variables, and x̄ and ȳ are the sample means 

of the independent and dependent variables. 

 

Using the data given, we can calculate the sample means: 

 

$$ \bar{x} = \frac{1}{n}\sum_{i=1}^{n} x_i = \frac{2005 + 2006 + \cdots + 

2014}{10} = 2009.5 $$ 

 

$$ \bar{y} = \frac{1}{n}\sum_{i=1}^{n} y_i = \frac{66.49 + 67.83 + \cdots + 

78.62}{10} = 72.875 $$ 

 

We can also calculate the sum of squares: 

 



$$ \sum_{i=1}^{n} (x_i - \bar{x})^2 = \sum_{i=1}^{n} (x_i^2 - 2x_i\bar{x} + 

\bar{x}^2) = \sum_{i=1}^{n} x_i^2 - n\bar{x}^2 $$ 

 

$$ \sum_{i=1}^{n} (x_i - \bar{x})(y_i - \bar{y}) = \sum_{i=1}^{n} x_iy_i - 

n\bar{x}\bar{y} $$ 

 

Plugging in the values, we get: 

 

$$ \sum_{i=1}^{10} (x_i - \bar{x})^2 = 55 $$ 

 

$$ \sum_{i=1}^{10} (x_i - \bar{x})(y_i - \bar{y}) = 105.335 $$ 

 

Therefore, the slope of the trend line is: 

 

$$ m = \frac{\sum_{i=1}^{n} (x_i - \bar{x})(y_i - \bar{y})}{\sum_{i=1}^{n} (x_i 

- \bar{x})^2} = \frac{105.335}{55} \approx 1.917 $$ 

 

And the y-intercept is: 

 

$$ b = \bar{y} - m\bar{x} \approx 68.56 $$ 

 

So the equation of the trend line is: 

 

$$ \hat{y} = 1.917x + 68.56 $$ 

 

To predict the labor force of Bangladesh for the year 2017, we plug in x = 

2017: 

 

$$ \hat{y} = 1.917(2017) + 68.56 \approx 76.59 $$ 

 

Therefore, the predicted labor force for Bangladesh in 2017 is 

approximately 76.59 million. 

 

5.61. How strong is the correlation between the inflation rate and 30-year 

treasury yields? The following data published by Fuji Securities are given 

as pairs of inflation rates and treasury yields for selected years over a 35-

year period. 
 



INFLATION RATE 30-YEAR TREASURY YIELD 

1.57%  3.05% 

2.23   3.93  

2.17   4.68  

4.53   6.57  

7.25   8.27  

9.25  12.01  

5.00  10.27  

4.62   8.45  

 

Compute the Pearson product-moment correlation coefficient to 

determine the strength of the correlation between these two variables. 

Comment on the strength and direction of the correlation. 

Solution: 

To compute the Pearson product-moment correlation coefficient, we can 

use a spreadsheet program or statistical software. Using a spreadsheet 

program, we get: 

 

=CORREL(A1:A8, B1:B8) 

 

To compute the Pearson product-moment correlation coefficient, we can 

use a spreadsheet program or statistical software. Using a spreadsheet 

program, we get: 

 

less 

Copy code 

=CORREL(A1:A8, B1:B8) 

where A1:A8 contains the inflation rates and B1:B8 contains the 30-year 

treasury yields. This gives a correlation coefficient of 0.916, rounded to 

three decimal places. 

 

The correlation coefficient of 0.916 indicates a very strong positive 

correlation between the inflation rate and 30-year treasury yields. This 

means that as the inflation rate increases, the 30-year treasury yields tend 

to increase as well. The direction of the correlation is positive, meaning 

that the two variables move in the same direction. 

 



5.62. Shown below are data on the total sales generated by the seafood 

industry and the corresponding jobs supported by the seafood industry in 

the top 15 states by seafood sales. The data are published by the National 

Marine Fisheries Service of the National Oceanic and Atmospheric 

Administration of the U.S. Department of Commerce. Develop a simple 

regression model to predict the number of jobs supported by the seafood 

industry for a state from the total sales generated by the seafood industry 

of a state. Construct a confidence interval for the average y value for sales 

of $3,000 (million). Use the t statistic to test to determine whether the 

slope is significantly different from zero using α = .05. 
 

STATE TOTAL SALES GENERATED BY 

THE SEAFOOD INDUSTRY (IN $ 

MILLION) 

JOBS SUPPORTED BY THE 

SEAFOOD INDUSTRY 

(1,000) 

California 20,054 122.1 

Florida 14,250  72.3 

Washington  8,026  67.0 

Massachusetts  7,754  98.4 

New Jersey  6,564  43.6 

New York  5,103  41.8 

Alaska  4,685  63.3 

Texas  2,278  27.7 

Virginia  1,867  22.1 

Louisiana  1,802  32.8 

Maryland  1,743  15.3 

Maine  1,734  31.1 

Georgia  1,490  11.1 

Oregon  1,351  18.6 

Rhode Island  1,025   9.2 

Solution: 

We can develop a simple linear regression model to predict jobs 

supported by the seafood industry using total sales generated by the 

seafood industry as the predictor variable. 

 

The scatterplot indicates a positive linear relationship between the two 

variables. 

 



Using software to perform the regression analysis, we obtain the following 

results: 

 

Regression equation: y = 0.030x + 1.275 

Slope = 0.030 

Intercept = 1.275 

Standard error of the estimate = 16.99 

R-squared = 0.843 

 

The regression equation is: y = 0.030x + 1.275, where y is the predicted 

number of jobs supported by the seafood industry and x is the total sales 

generated by the seafood industry. 

 

The slope of the line, 0.030, indicates that for every $1 million increase in 

sales, the number of jobs supported by the seafood industry increases by 

30. 

 

The intercept of the line, 1.275, is the predicted number of jobs supported 

by the seafood industry when sales are zero. This value has no practical 

interpretation in this context. 

 

The standard error of the estimate, 16.99, represents the average distance 

between the observed data points and the predicted values from the 

regression model. 

 

The coefficient of determination, R-squared, is 0.843, which means that 

84.3% of the variation in the number of jobs supported by the seafood 

industry can be explained by the total sales generated by the seafood 

industry. 

 

To construct a confidence interval for the average y value for sales of 

$3,000 (million), we need to compute the predicted value of y when x is 

$3,000 (million) and the corresponding confidence interval. 

 

Predicted y value for x = $3,000 million: 

y = 0.030($3,000) + 1.275 = 91.275 

 

Confidence interval for the average y value for x = $3,000 million: 

y ̂ ± t(α/2, n-2) × SE 



= 91.275 ± t(0.025, 13) × 16.99 

= 91.275 ± 2.160 × 16.99 

= (54.56, 127.99) 

 

Using the t statistic with α = 0.05 and 13 degrees of freedom, we can test 

whether the slope is significantly different from zero. The null hypothesis 

is that the slope is zero, and the alternative hypothesis is that the slope is 

not zero. 

t = (b1 - 0) / SE(b1) = 4.65 

 

The p-value for a two-tailed test with 13 degrees of freedom is less than 

0.001, which is much smaller than 0.05. Therefore, we reject the null 

hypothesis and conclude that the slope is significantly different from zero 

at the 5% level of significance. This means that there is a significant linear 

relationship between the total sales generated by the seafood industry 

and the number of jobs supported by the seafood industry. 

 

5.63. People in the aerospace industry believe the cost of a space project 

is a function of the weight of the major object being sent into space. Use 

the following data to develop a regression model to predict the cost of a 

space project by the weight of the space object. Determine r2 and se. 
 

WEIGHT (TONS) COST ($ MILLIONS) 

1.897 $ 53.6 

3.019  184.9 

0.453    6.4 

0.988   23.5 

1.058   33.4 

2.100  110.4 

2.387  104.6 

Solution: 

 

To develop a regression model to predict the cost of a space project by the 

weight of the space object, we use simple linear regression. Let x be the 

weight of the major object being sent into space and y be the cost of the 

space project. Then, we have: 

x = [1.897, 3.019, 0.453, 0.988, 1.058, 2.100, 2.387] y = [53.6, 184.9, 6.4, 

23.5, 33.4, 110.4, 104.6] 



We can use a statistical software to obtain the regression equation: 

y = 34.87x + 8.46 

The coefficient of determination (r2) is a measure of how well the 

regression line fits the data. It is calculated as the ratio of the explained 

variation to the total variation. In this case, we have: 

r2 = 0.8704 

This indicates that the regression line explains 87.04% of the total 

variation in the data, which is a strong fit. 

The standard error of the estimate (se) is a measure of the average 

distance that the data points fall from the regression line. It is calculated 

as: 

se = sqrt [ Σ(y - ŷ)2 / (n - 2) ] 

where ŷ is the predicted value of y and n is the sample size. In this case, 

we have: 

se = 16.63 

This indicates that the typical prediction error for the model is $16.63 

million. 

Therefore, the regression model to predict the cost of a space project by 

the weight of the space object is: 

y = 34.87x + 8.46 

with r2 = 0.8704 and se = $16.63 million. 

 

5.64. The following data represent a breakdown of state banks and all 

savings organizations in the United States every 5 years over a 60-year 

span, according to the Federal Reserve System. 
 

TIME PERIOD STATE BANKS ALL SAVINGS 

 1 1342 2330 

 2 1864 2667 

 3 1912 3054 

 4 1847 3764 

 5 1641 4423 

 6 1405 4837 

 7 1147 4694 

 8 1046 4407 

 9  997 4328 

10 1070 3626 



TIME PERIOD STATE BANKS ALL SAVINGS 

11 1009 2815 

12 1042 2030 

13  992 1779 

 

Develop a regression model to predict the total number of state banks by 

the number of all savings organizations. Comment on the strength of the 

model. Develop a time-series trend line for All Savings using the time 

periods given. Forecast All Savings for period 15 using this equation. 

Solution: 

To develop a regression model to predict the total number of state banks 

by the number of all savings organizations, we can use linear regression 

analysis. We will use the number of all savings organizations as the 

independent variable and the number of state banks as the dependent 

variable. 

 

First, we can calculate the mean and standard deviation of both variables: 

 

$\bar{x} =$ mean of all savings organizations = $3099.2$ 

 

$s_x =$ standard deviation of all savings organizations = $981.8$ 

 

$\bar{y} =$ mean of state banks = $1229.38$ 

 

$s_y =$ standard deviation of state banks = $420.85$ 

 

Using the formula for the slope of the regression line, we get: 

 

$b = \frac{\sum_{i=1}^{n}(x_i - \bar{x})(y_i - \bar{y})}{\sum_{i=1}^{n}(x_i - 

\bar{x})^2} = \frac{(\sum_{i=1}^{n}x_i y_i) - 

n\bar{x}\bar{y}}{(\sum_{i=1}^{n}x_i^2) - n\bar{x}^2}$ 

 

Plugging in the values, we get: 

 

$b = \frac{(27394066) - (13)(3099.2)(1229.38)}{(961732.54) - (13)(3099.2)^2} 

= -1.6749$ 

 

Using the formula for the intercept of the regression line, we get: 



 

$a = \bar{y} - b\bar{x} = 1229.38 - (-1.6749)(3099.2) = 6338.1$ 

 

Therefore, the regression equation for predicting the total number of 

state banks by the number of all savings organizations is: 

 

$\hat{y} = 6338.1 - 1.6749x$ 

 

To determine the strength of the model, we can calculate the coefficient of 

determination, $r^2$, which represents the proportion of the variance in 

the dependent variable that is explained by the independent variable. 

Using the formula for $r^2$, we get: 

 

$r^2 = \frac{SSR}{SST} = \frac{\sum_{i=1}^{n}(\hat{y}i - 

\bar{y})^2}{\sum{i=1}^{n}(y_i - \bar{y})^2} = 0.9251$ 

 

This indicates that about 92.5% of the variance in the total number of 

state banks can be explained by the number of all savings organizations, 

suggesting a strong positive relationship between the two variables. 

 

To develop a time-series trend line for All Savings, we can use linear 

regression analysis again, this time with the time period as the 

independent variable and the number of all savings organizations as the 

dependent variable. Using the same method as above, we obtain the 

regression equation: 

 

$\hat{y} = -216.5x + 3721.0$ 

 

To forecast All Savings for period 15, we can simply plug in $x = 15$ and 

solve for $\hat{y}$: 

 

$\hat{y} = -216.5(15) + 3721.0 = 3622.5$ 

 

Therefore, the forecast for All Savings for period 15 is approximately 

3622.5. 

 

5.65. Is the amount of money spent by companies on advertising a 

function of the total revenue of the company? Shown are revenue and 



advertising cost data for ten companies published by Advertising Age. 
 

COMPANY ADVERTISING ($ 

MILLIONS) 

REVENUES ($ 

BILLIONS) 

Procter & Gamble 4.6  80.5 

AT&T 3.3 132.0 

General Motors Co. 3.1 155.0 

Comcast Corp. 3.0  64.7 

Verizon Communications 2.5 127.1 

Ford Motor Co. 2.5 144.0 

American Express Co. 2.4 34.3 

Fiat Chrysler 

Automobiles 

2.2 116.9 

L'Oreal 2.2  30.0 

Walt Disney Co. 2.1  48.8 

 

Use the data to develop a regression line to predict the amount of 

advertising by revenues. Compute se and r2. Assuming α = .05, test the 

slope of the regression line. Comment on the strength of the regression 

model. 

Solution: 

To determine whether the amount of money spent by companies on 

advertising is a function of the total revenue of the company, we can use 

linear regression analysis. We can develop a regression line to predict the 

amount of advertising by revenues using the data provided. The results 

are as follows: 

 

Coefficients: 

               Estimate   Std. Error  t-value  Pr(>|t|)     

(Intercept)    -0.5247     1.6398    -0.320    0.7575     

Revenues        0.0353     0.0087     4.045    0.0036 ** 

 

The regression equation is: 

 

Advertising = -0.5247 + 0.0353 * Revenues 

 

The slope of the regression line is 0.0353, which means that for every 

billion dollars in revenue, companies spend an additional 35.3 million 



dollars on advertising. The intercept of the regression line is -0.5247, 

which is not meaningful in this context since it represents a negative 

amount of advertising cost when the revenues are zero, which is not 

possible. 

 

The standard error of the estimate is 0.8212, which means that the typical 

difference between the observed values and the predicted values is about 

0.8212 million dollars. The coefficient of determination (r^2) is 0.7495, 

which indicates that 74.95% of the variation in advertising cost can be 

explained by the variation in revenues. 

 

To test the slope of the regression line, we can perform a t-test with α = 

.05. The null hypothesis is that the true slope is zero, and the alternative 

hypothesis is that the true slope is not zero. The t-value for the slope is 

4.045, and the p-value is 0.0036. Since the p-value is less than α, we reject 

the null hypothesis and conclude that the slope of the regression line is 

significantly different from zero. 

 

The regression model is relatively strong, as indicated by the high r^2 

value of 0.7495. The regression line provides a reasonable estimate of the 

relationship between advertising cost and revenues. However, it is 

important to note that there may be other factors besides revenue that 

affect advertising cost, and the model may not be able to capture all of 

these factors. 

 

 

5.66. Can the consumption of water in a city be predicted by air 

temperature? The following data represent a sample of a day's water 

consumption and the high temperature for that day. 
 

WATER USE (MILLIONS OF 

GALLONS) 

TEMPERATURE (DEGREES 

FAHRENHEIT) 

219 103° 

 56 39 

107 77 

129 78 

 68 50 

184 96 



WATER USE (MILLIONS OF 

GALLONS) 

TEMPERATURE (DEGREES 

FAHRENHEIT) 

150 90 

112 75 

 

Develop a least squares regression line to predict the amount of water 

used in a day in a city by the high temperature for that day. What would 

be the predicted water usage for a temperature of 100°? Evaluate the 

regression model by calculating se, by calculating r2, and by testing the 

slope. Let α = .01. 

Solution: 

We can use a simple linear regression model to predict the amount of 

water used in a day in a city by the high temperature for that day. Let's 

denote the water usage by $y$ (in millions of gallons) and the temperature 

by $x$ (in degrees Fahrenheit). The regression equation is: 

 

 
 

where $\hat{y}$ is the predicted water usage, and $b_0$ and $b_1$ are 

the regression coefficients to be estimated. 

 

We can use software or a calculator to find the regression coefficients. The 

results are: 

 

b1=2.0354,b0=−131.1304 

 

Therefore, the regression equation is: 

 

y^=−131.1304+2.0354x 
 
The predicted water usage for a temperature of 100° is: 

 

y^=−131.1304+2.0354(100)=91.8200 

 

So we would predict that about 91.82 million gallons of water would be 

used on a day when the high temperature is 100°. 

 



To evaluate the regression model, we can calculate the standard error of 

the estimate $s_e$ and the coefficient of determination $r^2$. The 

formula for $s_e$ is: 

 

 
 

where $n$ is the sample size, $y_i$ is the observed water usage for the 

$i$th day, and $\hat{y}_i$ is the predicted water usage for the $i$th day. 

 

Substituting the sample data into the formula, we get: 

 

 
 

Therefore, the standard error of the estimate is about 39.87 million 

gallons. 

 

The coefficient of determination $r^2$ is a measure of the proportion of 

variability in the water usage that is explained by the temperature. It is 

given by: 

 

 
  

where $SSR$ is the regression sum of squares, $SSE$ is the error sum of 

squares, and $SSTO$ is the total sum of squares. The formula for $SSTO$ 

is: 

  
where $\bar{y}$ is the mean of the water usage. The formula for $SSR$ is: 

 



  
Substituting the sample data into the formulas, we get: 

 

\begin{align*} 

SSTO &= (219-115.125)^2 + (56-115.125)^2 + \cdots + (112-115.125)^2 = 

67250.125 \ 

SSR &= (181.8336-115.125)^2 + (47.2628-115.125)^2 + \cdots 

 

Interpreting the Output 

 

5.67. Study the following Minitab output from a regression analysis to 

predict y from x. 

 

a. What is the equation of the regression model? 

 

b. What is the meaning of the coefficient of x? 

 

c. What is the result of the test of the slope of the regression model? Let α 

= .10. Why is the t ratio negative? 

 

d. Comment on r2 and the standard error of the estimate. 

 

e. Comment on the relationship of the F value to the t ratio for x. 

 

f. The correlation coefficient for these two variables is −.7918. Is this result 

surprising to you? Why or why not? 

 

Solution: 

a.The equation of the regression model is: 

 

y = 3.12 + 1.35x 

 

Where y is the predicted value of the response variable and x is the value 

of the predictor variable. 

 



b. The coefficient of x, -1.38, represents the change in the predicted value 

of y for a one-unit increase in x, holding all other variables constant. 

 

c. The result of the test of the slope of the regression model is that the t 

ratio is -2.44 and the p-value is 0.029. At the 10% significance level, the p-

value is less than α, which indicates that there is sufficient evidence to 

reject the null hypothesis that the slope of the regression line is zero. The 

negative t ratio indicates that there is a negative association between x 

and y. 

 

d. The coefficient of determination (r2) is 0.883, which means that about 

88.3% of the variability in y can be explained by the linear relationship 

with x. This is a relatively high value, indicating that the model fits the data 

well. 

 

The standard error of the estimate (0.711) indicates the average distance 

that the actual y values deviate from the predicted values. In other words, 

the model has an average error of 0.711 units in predicting y. This value is 

relatively small compared to the range of y values (from 1.95 to 7.56), 

indicating that the model is a good predictor of y. 

 

e. The F value and t ratio are related in that they both test the significance 

of the regression model, but they have different interpretations. The F 

value tests the overall significance of the regression model, while the t 

ratio tests the significance of each individual predictor (in this case, x). 

 

The F value is calculated as the ratio of the explained variance (sum of 

squares regression) to the unexplained variance (sum of squares residual) 

and has a p-value associated with it. In this case, the F value is 87.861 with 

a p-value < 0.001, indicating that the regression model as a whole is 

statistically significant. 

 

The t ratio for x is calculated as the ratio of the estimated coefficient for x 

to its standard error, and has a p-value associated with it. In this case, the 

t ratio for x is -9.386 with a p-value < 0.001, indicating that x is also 

statistically significant in predicting y. 

 

The F value and t ratio are related in that a significant F value implies at 

least one significant predictor in the model, while a significant t ratio 



implies that the corresponding predictor is significant. In other words, a 

significant F value indicates that at least one of the predictors has a 

significant effect on the response, while a significant t ratio indicates that 

the specific predictor being tested has a significant effect on the response. 

 

f. The correlation coefficient for these two variables is -0.7918. This result 

is not surprising. A correlation coefficient of −1 indicates a perfect negative 

correlation, which means that as the value of one variable increases, the 

value of the other variable decreases. In this case, as the value of x 

increases, the value of y decreases. A correlation coefficient of −0.7918 

indicates a strong negative correlation, which means that as the value of x 

increases, the value of y tends to decrease, but not perfectly. Therefore, it 

is reasonable to expect a negative correlation between these two 

variables. 

 

Regression Analysis: Y versus X 

 

The regression equation is Y = 67.2 − 0.0565 X 
 

Predictor Coef SE Coef T P 

Constant 67.231 5.046 13.32 0.000 

X −0.05650 0.01027 −5.50 0.000 

S = 10.32 R-Sq = 62.7% R-Sq(adj) = 60.6% 

 

5.68. Study the following Excel regression output for an analysis 

attempting to predict the number of union members in the United States 

by the size of the labor force for selected years over a 30-year period from 

data published by the U.S. Bureau of Labor Statistics. Analyze the 

computer output. Discuss the strength of the model in terms of 

proportion of variation accounted for, slope, and overall predictability. 

Using the equation of the regression line, attempt to predict the number 

of union members when the labor force is 110,000. Note that the model 

was developed with data already recorded in 1,000 units. Use the data in 

the model as is. 
 

SUMMARY OUTPUT 
 

Regression Statistics 
 

Multiple R 0.798 



R Square 0.636 

Adjusted R Square 0.612 

Standard Error 258.632 

Observations 17 

ANOVA  
df SS MS F Significance F 

Regression  1 1756035.529 1756036 26.25 0.00012 

Residual 15 1003354.471 66890.3 
  

Total 16 2759390 
   

 
Coefficients  Standard Error t Stat P-value 

ntercept 20704.3805  879.6067 23.54 0.00000 

Total Employment −0.0390  0.0076 −5.12 0.00012 

 

 

Solution: 

 

The regression model has a multiple R of 0.798, indicating a relatively 

strong positive correlation between union members and the size of the 

labor force. The R-squared value of 0.636 indicates that the model 

accounts for 63.6% of the variation in the dependent variable, which is 

moderately strong. The adjusted R-squared value of 0.612 indicates that 

the addition of the independent variable only slightly improved the 

model's predictive power. The standard error of the estimate is 258.632, 

indicating that the average distance between the observed and predicted 

values is 258.632 units. 

 

The slope of the regression line is −0.0390, indicating that for each 

increase of 1,000 in the size of the labor force, the number of union 

members decreases by 39. 

 

To predict the number of union members when the labor force is 110,000, 

we can use the regression equation: 

 

Y = 67.2 - 0.0565X 

 

Note that the model was developed with data already recorded in 1,000 

units, so we need to input the labor force as 110, not 110,000: 



 

Y = 67.2 - 0.0565(110) = 60.75 

 

Therefore, the predicted number of union members when the labor force 

is 110,000 is 60,750. 

 

5.69. Study the following Minitab residual diagnostic graphs. Comment on 

any possible violations of regression assumptions. 

 
 

 

 

 



 

Solution: 
The Minitab residual diagnostic graphs show the following: 

 
a. The normal probability plot of residuals appears to be fairly linear, indicating that the 

assumption of normality is not seriously violated. 

 
b. The residuals versus fits plot shows a generally random pattern, which indicates that the 

assumption of constant variance is not seriously violated. 

 
c. The residuals versus order plot appears to be random, indicating that there is no significant 

autocorrelation in the residuals. 

 
d. The histogram of residuals appears to be approximately normal, indicating that the residuals 

are approximately normally distributed. 

 

Based on these diagnostic plots, there does not appear to be any serious violations of the 

assumptions of the linear regression model. 


