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A common statistical technique for determining if
differences exist between two or more "groups" is One-way
Analysis of Variance.

One-Way ANOVA tests whether the means of two or more

independent groups are equal by analyzing comparisons of
variance estimates.



In general, however, the One-Way ANOVA is used to test for differences among
three groups as comparing the means of two groups can be examined using an
independent t-test.

When there are only two means to compare, the t-test and the F-test are
equivalent and generate the same results.

This is why One-Way ANOVA is considered an extension of the independent t-
test.

This analysis can only be performed on numerical data (data with quantitative
value).



Understanding One-Way ANOVA

» The One-Way ANOVA statistic tests the null hypothesis that samples in
two or more groups are drawn from the same population.

o The null hypothesis (H,) will be that all sample means are equal (H,: p,=
Ho= “3)°

o the alternative hypothesis (H,) is that at least one mean is different (Not
H,).

o Decision rules: If F . is greater or equal to F_,, reject H_, otherwise do not
reject H

o If the decision is to reject the null, then at least one of the means is different.
However, the omnibus one-way ANOVA does not tell you where the
difference lies. For this, you need post-hoc tests.
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The test is called ANOVA rather than multi-group means analysis
because it compares group means using comparative analysis of
variance estimates.

The H, assumes the group means are equal.

Population




» When we select three samples. Why would these sample means differ?

» There are two logical reasons:
Group Membership (i.e., the treatment effect).
Differences not due to group membership (i.e., chance or sampling error).

» The ANOVA is based on the fact that two independent estimates of the
population variance can be obtained from the sample data.

treatment effect & error or between groups estimate

error within groups estimate



Given the null hypothesis in this case (H,: p,= p,= W), the two
variance estimates should be equal.

That is, since the null assumes no treatment effect, both variance
estimates reflect error and their ratio will equal 1.

To the extent that this ratio is larger than 1, it suggests a treatment
effect (i.e., differences between the groups) and the H,should be
rejected.



The F Test is simply the ratio of the two variance estimates (dividing the
between group variance by the within group variance ):

— MSBetween
MS

F

Within

(Where MS means Mean Square, Between means between group variation,
and Within means within group variation).



In One-Way ANOVA each case must have scores on two variables: one single
factor and one quantitative dependent variable.

The factor divides individuals in two 2 or more groups or levels.

The dependent variable differentiates individuals on some quantitative
dimension.

The ANOVA F test evaluates whether the group means on the dependent
variable differ significantly from each other.

The test hypothesis is that the group means are equal.

In addition to determining that differences exist among the means, you may
want to know which means differ.



If the overall ANOVA is significant and a factor has more than two
levels, follow up tests are usually conducted. The overall ANOVA is
called omnibus test.

Frequently, follow-up tests involve comparisons between pairs of group
means (referred to as contrasts or pairwise comparisons).

Example, if a factor has three levels, 3 pairwise comparisons might be
conducted to compare the means of group 1 and 2, the means of group 1
and 3, and the means of group 2 and 3.

Follow-up tests are called Post-hoc multiple comparisons.



Bonferroni: uses t tests to perform pairwise comparisons between
group means, but controls overall rate by setting the error rate for each
test to the experimentwise error rate divided by the total number of
tests. Hence the observed significance level is adjusted for the fact that
multiple comparisons are being made.

Tukey Test: Uses studentized range statistic to make all of the pairwise
comparisons between groups. Sets the error rate at the experimentwise
error rate for the collection of all the pairwise comparisons.

Sheffe: Performs simultaneous joint pairwise comparisons for all
possible pairwise combinations. Uses the F sampling distribution.



Dunnett’s C: Pairwise comparison test based on the studendentized
range. This test is appropriate when the variances are not equal.

Tamhane’s T2: Conservative pairwise comparisons test based on a t
test. This test is appropriate when the variances are not equal.

Games-Howell: Pairwise comparison test that is sometimes liberal. This
test is also appropriate when the variances are not equal.



The results of a one-way ANOVA can be considered reliable as long as the
following assumptions are met:

1. Assumption of Normality: The dependent variable is normally
distributed for each of the populations (or approximately normally distributed).
The different populations are defined by each level of a factor.

2. Homogeneity of Variance Assumption: Variances of populations are
equal. The variances of the dependent variable are the same for all population.

3. Assumption of Independence: Samples are assumed independent. The
cases represent random samples from the populations and the scores on the
test variable (dependent variable) are independent of each other.



Assumption Violation and Test Robustness
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Assumption Violation and Test Robustness

- 2. Homogeneity of variance assumption: Non-Robust

» to the extent that this assumption is violated and the sample sizes differ among
groups, the resulting p value for the omnibus test is not trustworthy.

» Under these conditions, it is preferable to use statistics that do not assume equality of
population variances such as the Browne-Forsythe or the Welch statistic (they
are accessible in SPSS by selecting Analyze, compare means, One-way ANOVA, and
options).

» For post-hoc tests, the validity of the results is questionable if the population variances
differ regardless of whether the sample sizes are equal or unequal. It is recommended
to choose Dunnett’s C procedure in instances where the variances are unequal.

© Dr. Maher Khelifa




Assumption Violation and Test Robustness
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If some of the assumption which if not met produce
inaccurate p values or data are ordinal or non-
parametric, alternative to this test should be used
including Kruskal-Wallis one-way analysis of
variance.
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