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2 Why do an ANOVA?
� An Analysis of Variance (ANOVA), also known as an F-test,  is conducted when 

two or more group means (J) are being compared.

� When J = 2, either a t-test or F-test may be computed.

� The relationship between a t-test and F-test when J = 2 is F = t2. 

3 Why do an ANOVA?
� However, when J > 2 (i.e. there are 3 or more means being compared), statistical 

significance can be ascertained by conducting one statistical test, ANOVA, or by repeated t-

tests. 

� Why not conduct repeated t-tests? Each statistical test is conducted with a specified chance 

of making a type I–error—the alpha level.

4 Why do an ANOVA?
� For example, a researcher wishes to use a self-efficacy screening measure on students in a math class. 

Research has shown that higher levels of self-efficacy are related to better performance. Students are 
randomly placed in four groups. Group 1 receives a lecture on enhancing self-efficacy. Group two receives 
a lecture and experiential exercise on self-efficacy. Group 3 receives an experiential exercise only. Group 4 
is a control group. So a self-efficacy measure is administered to four different math classes.

5 Why do an ANOVA?
� If t-tests were used to conduct the analysis and a level of significance was set at  .05, then 

six separate t-tests would need to be conducted: (a) Group 1 to Group 2, (b) Group 1 to 

Group 3, (c) Group 1 to Group 4, (d) Group 2 to Group 3, (e) Group 2 to Group 4, and (f) 

Group 3 to Group 4. 

�

If J =4, then the number of comparisons is always 

6 Why do an ANOVA?
� The problem with conducting multiple t-tests is that type I error is multiplied by the number of tests being conducted. 

� Hence, if a researcher conducts six t-tests with an α = .05 on the same data, the chance of having a type I error among the six 
tests is 30%, a rather large likelihood of identifying statistically significant differences when none actually exist. 

� When considering that research can help in identifying what models may be helpful to clients, one would need to be extremely 
cautious in implementing best practices when there is a 30% chance of being wrong. 

� Rather than conducting several t-tests, an ANOVA could be conducted to identify statistically significant differences among all the 

groups at the .05 level of significance—only a 5% chance of type I error

7 Computing a one-way ANOVA
� To compute the F-test, the example on p. 7 in your notepack will be utilized.

8 Computing a one-way ANOVA

9 State the null hypothesis and alpha level
� Unlike the t-test, the F-test is calculated using squared deviations. 
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� Remember in the t-test, the numerator was calculated by subtracting one group 
mean from another; hence, an observed value for a t-test could be positive or 

negative and fall on either side of the normal curve. 

10 State the null hypothesis and alpha level
� The numerator of the F-test uses squared values, so the observed value in a F-test is 

always positive. 

� Therefore, the curve is somewhat different 

11 State the null hypothesis and alpha level
� Therefore, the null hypothesis in a F-test is never directional. Using the above 

data set, the null hypothesis and alternative hypothesis would be expressed as 

follows:

12 State the null hypothesis and alpha level
� So, in this case, if any of the groups are not statistically significantly different 

(either higher or low) from one another, then the null hypothesis is accepted. If a 

statistically significant difference does exist, then the null hypothesis is rejected. 

13 Calculating the F-test: Understanding the properties
� The statistical tests discussed in this class share common properties. Each test statistic is computed from a 

fraction. The numerator represents a computation for mean differences, such as by comparing two groups 
and subtracting one mean from another. The denominator is an error term, computed by using taking in to 
account the standard deviation or variance, and sample size. The numerator is an expression of differences 
between groups, often referred to as between-group differences, the denominator looks at error, or 
differences that exist within in each group, often referred to as within-group differences. 

14 The Test Statistic

15 So why does this computation work?
� Simply put, the numerator value expresses differences between groups. 

� In the formula above, we could hypothesize that an experimental group had a higher performance than the 
population group. Thus, the mean score from the population was subtracted from the mean score of the 
experimental group. 

� However, the mean score in either group is simply a representative score for many participants in each 
group. 

� Each participant in either group may have scored above the mean or below the mean. 

16 So why does this computation work?
� Consider the following scores: 20, 18, 21, 18, 23, 20. The mean for this distribution is 20. Some 

participants scored at the mean, and some participants scored above or below it. 

� The error term, in this case the standard deviation, is approximately 1.90 representing the average amount 
of error within the group.

� While the mean is a score representing group outcome, the standard deviation is an error signifying that 
some participants did not score at the mean. 

� Thus, a test statistic is computed by taking in to account a score that represents the average divided by a 
score that represent error. 

17 Understanding the properties
� As the computation of the ANOVA is explained, keep in mind the common 

properties statistical tests share. 

� Essentially, ANOVA is calculated by dividing the mean differences squared by 
the error variance. The numerator will be mean differences and the denominator 
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will be error variance. 

18 Computing the grand mean

19 Computing the grand mean

20 Computing the grand mean

21 Calculate the sum of squares between--SSb
� As stated before, rather than compare one group mean to another as was done in a t-test, 

group means are compared against the grand mean. 

� The Sum of Squares Between (SSb) is the sum of the differences between each group 

mean and the grand mean squared. By comparing each group mean to the mean of the 

entire sample, the amount of variation between the groups can be assessed. 

22 Calculate the sum of squares between--SSb

23 Calculate the sum of squares between--SSb

24 Calculate the Sum of Squares Within—SSw

� The Sum of Squares Within (SSW) is the sum of the squared differences between each 
observation (i.e. raw score) and the group mean. In other words, a deviation score is 
computed and squared for each group. 

� For group 1, each observation is subtracted by 6 and then squared. 

� For group 2, each observation is subtracted by 9 and then squared. 

25 Calculate the Sum of Squares Within—SSw

�This process is repeated for all of the groups. 

�Then the sum of the squared deviations is added together to compute 
SSw. 

�By comparing each observation to the group mean, the amount of 
variation within each group can be assessed.

26 Calculate the Sum of Squares Within—SSw

27 Degrees of Freedom
� When comparing samples, the researcher needs to account for sample size and the number of groups being compared. 

� As sample size and group comparisons can differ from study to study, so do the distributions under the normal curve change. 

28 Degrees of Freedom
� Hence degrees of freedom are calculated to provide an estimate of the normal curve given the number of 

groups and sample size of each group. 

� There are various formulae for computing the degrees of freedom, dependent upon the number of 
comparison groups, sample size, and type of statistical test. 

� Each method for computing the degrees of freedom (df) will be addressed in the respective calculations.

29 Degrees of Freedom
� Both SSb and SSw accounted for group size when computed. 

� However, remember that when variance was computed, the total sample size was accounted for in the 
formula. The same must be done when computing an ANOVA. 
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� Degrees of freedom must be computed for SSb and SSw to establish the ratio of the F-test. 

� This ratio is referred to as mean squares. The F-test is the mean square between (MSb) divided by the 
mean square within (MSw). 

30 Computing mean square between (MSb)

31 Computing mean square within (MSw)

32 Computing the F-ratio

33 Evaluating the F-test for statistical significance
� To determine whether or not the observed score,          F (3, 16) = 11.49, is statistically significant at the 

.05 level of significance, the observed score must be greater than the critical value, Fcrit. The critical values 
for F values are located in Appendix B of your textbook. 

� The values on top represent the degrees of freedom between (j – 1). The values to the left side are the 
degrees of freedom within (n. – j). 

� Check the critical value with respect to the appropriate alpha level identified in the study. 

� In this example, 11.49 > 3.239, so a statistically significant exists among the four groups.

34 Statistically significant results


