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removed), then conduct a regression analysis for each section to find 𝑀𝑆𝑒𝑖 = 𝑆𝑖
2 

for each section, then use the statistical laboratory: 

 

 

𝐹 =
𝑀𝑎𝑥 𝑆𝑖

2

𝑀𝑖𝑛 𝑆𝑖
2  

 

If the calculated F value is greater than the table F value, this indicates a difference 

in variance. 

 

Example: The following table represents data consisting of two variables, the first 

of which represents the average monthly sales of a certain product, represented by 

(y) in each of the 30 stores, and the amount of monthly advertising expenses on it, 

represented by (X). Test whether the error variance is constant and homogeneous. 

 

 
The regression line equation and ANOVA table are constructed as follows : 

𝑦̂𝑖 = 4944.383 + 8.0484 𝑋𝑖1 
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To find out the extent to which the conditions of the analysis assumptions 

(homogeneity of error variance) are met, we follow the following: 

1- Using the graph: When plotting 𝑒𝑖 against the values of 𝑦̂𝑖 , the results were as 

follows: 

 

From the graph it is clear that there is a difference in the error variance. 

1- Using a statistical Test, we arrange the data in ascending order according to 

the independent variable X (which is already arranged in this order), then the 

data is divided into two parts after deleting the six middle observations 

(numbered from 13-18) as follows: 
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The following were calculated: 

The mean square error for the data of the first section was: 

 

𝑀𝑆𝑒1 = 31066726.3 

The mean square error for the data of the second section was: 

 

𝑀𝑆𝑒2 = 140450776.4 

Using the F-test we get: 

 

𝐹 =
𝑀𝑎𝑥  𝑆𝑖

2

𝑀𝑖𝑛  𝑆𝑖
2 =

31066726.3

140450776.4
= 4.52 

With a significance level of α = 0.05 and degrees of freedom calculated using the 

following formula: 

 

𝑣1 = 𝑣2 =
𝑛 − 𝑑 − 2𝑘

2
= 10 

Where: 

n: Sample size which is 30 in our example. 

k: Number of estimated parameters which is 2 in our example. 

d: Number of deleted intermediate observations which is 6 in our example. 

From the F tables we find the tabular value which is: F (0.05,10,10) =3.02 

Since the calculated F is greater than the table F, 𝑆1
2 and 𝑆2

2 are different, i.e. there 

is no homogeneity in the error variance. 
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Test whether the errors are independent or if there is an autocorrelation 

between them 

In many problems, especially economic ones, they are in the form of time series, 

which leads to the error in a specific time period (𝑒𝑖) being correlated with the error 

in the time period before it (𝑒𝑖−1) Errors that are correlated over time are called 

autocorrelation errors. 

 

To detect the presence of an autocorrelation between errors, we use the following: 

1- Using the graph 

When plotting the values of (𝑒𝑖) against the values of (𝑋𝑖) in the case of an 

autocorrelation between the errors, the graph will be in one of the following two 

forms: 

 

In the case of positive autocorrelation, there are several points that are positive, 

followed by several negative points, followed by several positive points, and so on. 

In the case of negative autocorrelation, the error points follow one another in sign. 

For example, the first is positive, the second is negative, the third is positive, the 

fourth is negative, and so on. 

 

Negative autocorrelation Positive autocorrelation 
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2- Using a statistical laboratory 

The Durbin-Watson test can be performed to test whether there is an autocorrelation 

between errors or not. 

To conduct this test, the following hypothesis is tested: 

 

𝐻0: 𝑟 = 0 
 𝐻1: 𝑟 ≠ 0 

Interpretation of the null hypothesis: There is no autocorrelation between 

errors 

Interpretation of the alternative hypothesis: There is autocorrelation between 

errors 

 

The Durbin-Watson test formula takes the following form: 

 

𝐷 =
∑ (𝑒𝑖 − 𝑒𝑖−1)2𝑛

𝑖=2

∑ 𝑒𝑖
2𝑛

𝑖=1

 

If 𝐷 < 𝑑𝑙, we reject the null hypothesis. 

If 𝐷 > 𝑑𝑢 we accept the null. 

If 𝑑𝑙 ≤ 𝐷 ≤ 𝑑𝑢, the test is inconclusive. 

Where 𝑑𝑢 is the upper limit and 𝑑𝑙 is the lower limit. 

Where the values of 𝑑𝑢 and 𝑑𝑙 are extracted from Durbin-Watson tables with 

degrees of freedom n and significance level α, and the number of parameters in the 

model. 
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Example 

The following data represent a store's share of a certain toothpaste (y) and its selling 

price (X) per pound for twenty consecutive months. 

Test whether the errors are independent or autocorrelated. 

 

1-We use the graphing method for the values of 𝑒𝑖 versus the values of 𝑋𝑖 as follows: 

 

 

The graph shows that there is a positive autocorrelation between the errors, as there 

is a group of positive errors followed by negative errors, followed by positive errors. 
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