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Variation About a Regression Line

To find the total variation, you must first calculate the total deviation, the explained deviation, 
and the unexplained deviation.  

Total deviation= 𝑦𝑖 − ǉ𝑦

Explained deviation= ො𝑦𝑖 − ǉ𝑦

Unexplained deviation= 𝑦𝑖 − ො𝑦𝑖
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Variation About a Regression Line (cont.)

The total variation (total sum of squares) about a regression line is the sum of the squares 
of the differences between the y-value of each ordered pair and the mean of y.   

The explained variation (explained sum of squares) is the sum of the squares of the 
differences between each predicted y-value and the mean of y.

The unexplained variation (Residual sum of squares) is the sum of the squares of the 
differences between the y-value of each ordered pair and each corresponding predicted y-
value.

Total variation = Explained variation+ Unexplained variation
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Total variation = ∑ 𝒚𝒊 − ǉ𝒚 𝟐

Explained variation = ∑ ෝ𝒚𝒊 − ǉ𝒚 𝟐

Unexplained variation = ∑ 𝒚𝒊 − ෝ𝒚𝒊
𝟐
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Coefficient of Determination R

The coefficient of determination r2 is the ratio of the explained variation to the 
total variation.  That is, 
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Example 2 (cont.):

The correlation coefficient for the data that represents the number of hours students watched 
television and the test scores of each student is r  0.831.  

Find the coefficient of determination.

R=

About 69.1% of the variation in the test scores can be explained by the variation 
in the hours of TV watched.  About 30.9% of the variation is unexplained.
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2 2( 0.831)r  

0.691
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The Standard Error of Estimate
When a ŷ-value is predicted from an x-value, the prediction is a point estimate.

An interval can also be constructed

The standard error of estimate se is the standard deviation of the observed 𝑦𝑖 -values about the 
predicted ŷ-value for a given 𝑥𝑖 -value.  It is given by 

where n is the number of ordered pairs in the data set

The closer the observed y-values are the predicted y-values, the smaller the standard error of 
estimate will be.
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∑(𝒚𝒊 − ෝ𝒚𝒊)
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The Standard Error of Estimate (cont.)

As the standard error of the estimate (the variability of the data about the 
regression line) rises, the confidence widens. In other words, the more variable 
the data, the less confident you will be when you’re using the regression model 
to estimate the coefficient 
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The Standard Error of Estimate (Procedure)

1.Make a table that includes the column reading shown.

2.Use the regression equation to calculate the predicted y-values.

3.Calculate the sum of the squares of the differences between each observed y-value and the 
corresponding predicted y-value.

4.Find the standard error of estimate.

𝑥𝑖 , 𝑦𝑖 , ො𝑦𝑖 , 𝑦𝑖 − ො𝑦𝑖 , (𝑦𝑖 − ො𝑦𝑖 )
2
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Finding the Standard Error of Estimate

ො𝑦 = 𝑚𝑥𝑖 + 𝑏
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2
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Example 4:

xi yi ŷi (yi – ŷi )2

1 – 3 – 2.6 0.16

2 – 1 – 1.4 0.16

3 0 – 0.2 0.04

4 1 1 0

5 2 2.2 0.04

LEC5

The regression equation for the following data is  ŷ = 1.2x – 3.8.
Find the standard error of estimate.

The standard deviation of the predicted y_value for a given x value is about 0.365.
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Example 5:

Hours, 𝑥𝑖 0 1 2 3 3 5

Test score, 𝑦𝑖 96 85 82 74 95 68

ŷ𝑖 93.97 89.9 85.83 81.76 81.76 73.62

(𝑦𝑖 – ŷ𝑖)
2 4.12 24.01 14.67 60.22 175.3 31.58
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The regression equation for the data that represents the number of hours 12 different 
students watched television during the weekend and the scores of each student who took a 
test the following Monday is

ŷ = –𝟒. 𝟎𝟕𝒙 + 𝟗𝟑. 𝟗𝟕

Find the standard error of estimate.

Continued.
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Example 5 (cont.)

The standard deviation of the student test scores for a specific number of hours of TV watched is 
about 8.11
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∑(𝑦𝑖 − ො𝑦𝑖)
2 = 658.25

Unexplained 

variation

𝑠𝑒 =
∑(𝑦𝑖 − ො𝑦𝑖)

2

𝑛 − 2
658.25
12 2
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8.11

Hours, 𝑥𝑖 5 5 6 7 7 10

Test score, 𝑦𝑖 76 84 58 65 75 50

ŷ𝑖 73.62 73.62 69.55 65.48 65.48 53.27

(𝑦𝑖 – ŷ𝑖)
2 5.66 107.74 133.4 0.23 90.63 10.69
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Prediction Intervals

Two variables have a bivariate normal distribution if for any fixed value of 𝒙, the 

corresponding values of 𝒚 are normally distributed and for any fixed values of 𝒚, the corresponding 𝑥-
values are normally distributed.

A prediction interval can be constructed for the true value of 𝑦.

Given a linear regression equation ŷ = 𝑚𝑥 + 𝑏 and 𝑥0, a specific value of 𝑥, a c-prediction interval for 
𝑦 is

ŷ – 𝑬 < 𝒚 < ŷ + 𝑬

where

The point estimate is ŷ and the margin of error is 𝑬.  The probability that the prediction interval contains 
𝒚 is 𝒄.

LEC5

𝑬 = 𝒕𝒄𝒔𝒆 𝟏 +
𝟏
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Prediction Intervals (cont.)

1.Identify the number of ordered pairs in the 
data set 𝒏 and the degrees of freedom.

2.Use the regression equation and the given 𝒙-
value to find the point estimate ŷ.

3.Find the critical value 𝒕𝒄 that corresponds to 
the given level of confidence 𝒄.

d. f. = 𝑛 − 2
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Construct a Prediction Interval for 𝒚 for a Specific Value of 𝒙

ො𝑦 = 𝑚𝑥𝑖 + 𝑏

Use Table 
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Prediction Intervals (cont.)

4.Find the standard error of estimate 𝒔𝒆.

5.Find the margin of error E.

6.Find the left and right endpoints and form the 
prediction interval.
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Left endpoint:   ŷ – E     
Right endpoint: ŷ + E 
Interval:      ŷ – E < y < ŷ + E 
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Example 3:

The following data represents the number of hours 12 different students watched television 
during the weekend and the scores of each student who took a test the following Monday.

Construct a 95% prediction interval for the test scores when 4 hours of TV are watched.
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ŷ = –4.07x + 93.97 se  8.11 
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Example 3 (cont.)
Construct a 95% prediction interval for the test scores when the number of hours of TV watched is 4.

There are n – 2 = 12 – 2 = 10 degrees of freedom

The point estimate is 

The critical value 𝒕𝒄 = 2.228, and 𝒔𝒆 = 8.11

, 

𝑬 = 𝟐. 𝟐𝟐𝟖 𝟖. 𝟏𝟏 𝟏 +
𝟏

𝟏𝟐
+

𝟏𝟐 𝟒− 𝟒.𝟓

𝟏𝟐 𝟑𝟑𝟐 −(𝟓𝟒)𝟐
≈ 18.75

You can be 95% confident that when a student watches 4 hours of TV over the weekend, the student’s test grade 
will be between 58.94 and 96.44.
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ŷ = –4.07x + 93.97  = –4.07(4) + 93.97 = 77.69.

ŷ – E < y < ŷ + E 77.69 – 18.75=58.94 , 77.69+ 18.75 =96.44
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