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Introduction
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Analysis of variance (ANOVA) is a collection of statistical models 
used to analyze the differences between group means and their 
associated procedures e.g., "variation" among and between groups.

In ANOVA setting, the observed variance in a particular variable is 
partitioned into components attributable to different sources of 
variation.

In its simplest form, ANOVA provides a statistical test of whether or 
not the means of several groups are equal, and therefore generalizes 
t-test to more than two groups. 
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Doing multiple two-sample t-tests would result in an increased 
chance of committing a type I error. 

For this reason, ANOVAs are useful in comparing (testing) three or 
more means (groups or variables) for statistical significance.

A type I error, also known as an error of the first kind, occurs when 
the null hypothesis (H0) is true, but is rejected. It is asserting 
something that is absent, a false hit.

A type I error may be compared with a so-called false positive (a 
result that indicates that a given condition is present when it actually 
is not present) in tests where a single condition is tested for. 
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Factor analysis is the process by which a complicated system of 
many variables is simplified by completely defining it with a smaller 
number of "factors." 

If these factors can be studied and determined, they can be used to 
predict the value of the variables in a system.

ANOVA is the method used to compare continuous measurements 
to determine if the measurements are sampled from the same or 
different distributions. 

It is an analytical tool used to determine the significance of factors 
on measurements by looking at the relationship between a 
quantitative "response variable" and a proposed explanatory 
"factor."
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This method is similar to the process of comparing the statistical 
difference between two samples, in that it invokes the concept of 
hypothesis testing. 

Instead of comparing two samples, however, a variable is correlated 
with one or more explanatory factors, typically using the F-statistic. 

From this F-statistic, the P-value can be calculated to see if the 
difference is significant.

ANOVA is a statistical tool used for comparing statistical groups using 
the dependent and the independent variables. 

ANOVA is a technique that uses a sample of observations to 
compare the number of means.
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ANOVA calculates statistical differences between two or more means 
for either groups or variances. 

The measured variables are called dependent variable e.g., Test 
score, while the variables which are controlled are termed as 
independent variable e.g., Test paper correction method.

ANOVA is a statistical technique used to compare datasets. It is 
referred as Fisher’s ANOVA or Fisher’s analysis of variance.

ANOVA is similar to that of t-test and z-test, which are used to 
compare mean along with relative variance. 

However, in ANOVA, it is best suited when two or more 
populations/samples are compared.
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ANOVA is a Linear Model. Though ANOVA will tell you if factors are significantly 
different, it will do so according to a linear model. 

ANOVA will always assume a linear model; it is important to consider strong 
nonlinear interactions that ANOVA may not incorporate when determining 
significance. 

ANOVA works by assuming each observation as overall mean + mean effect + 
noise. 

If there are non-linear relationship between these (for example, if the difference 
between column 1 and column 2 on the same row is that column2 = 
column1^2), then there is the chance that ANOVA will not catch it.



Prof. Dr. M. Samer | Analysis of Variance (ANOVA) | 17
Cairo University



Prof. Dr. M. Samer | Analysis of Variance (ANOVA) | 18
Cairo University



Prof. Dr. M. Samer | Analysis of Variance (ANOVA) | 19
Cairo University



Prof. Dr. M. Samer | Analysis of Variance (ANOVA) | 20
Cairo University



Prof. Dr. M. Samer | Analysis of Variance (ANOVA) | 21
Cairo University



Prof. Dr. M. Samer | Analysis of Variance (ANOVA) | 22
Cairo University



Prof. Dr. M. Samer | Analysis of Variance (ANOVA) | 23
Cairo University

Like in one-way ANOVA analysis the main tool used is the square sums of each 
group. 

Two-way ANOVA can be split between two different types: with repetition and 
without repetition. 

With repetition means that every case is repeated a set number of times. 
Without repetition means there is one reading for every case.

These calculations are almost never done by hand. In the Exercises class you will 
usually use Excel or Mathematica to create these tables. Sections describing 
how to use these programs will be described later in the Exercises.



Prof. Dr. M. Samer | Analysis of Variance (ANOVA) | 24
Cairo University

The calculations needed for two-way ANOVA without repetition

The calculations needed for two-way ANOVA with repetition
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Exercises and Solutions
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Thank You!
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