One-way ANOVA using SPSS

Objectives

The one-way analysis of variance (ANOVA) is used to determine whether there are any significant differences between the means of three or more independent (unrelated) groups. This guide will provide a brief introduction to the one-way ANOVA including the assumptions of the test and when you should use interpret the output. This guide will then go through the procedure for running this test in SPSS using an appropriate example, which options to choose and how to interpret the output. Should you wish to learn more about this test before doing the procedure in SPSS, please click here.

What does this test do?

The one-way ANOVA compares the means between the groups you are interested in and determines whether any of those means are significantly different from each other. Specifically, it tests the null hypothesis:
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where µ = group mean and k = number of groups. If, however, the one-way ANOVA returns a significant result then we accept the alternative hypothesis (HA), which is that there are at least 2 group means that are significantly different from each other.

At this point, it is important to realise that the one-way ANOVA is an omnibus test statistic and cannot tell you which specific groups were significantly different from each other, only that at least two groups were. To determine which specific groups differed from each other you need to use a post-hoc test. Post-hoc tests are described later in this guide.

Assumptions

· Independent variable consists of two or more categorical independent groups.

· Dependent variable is either interval or ratio (continuous) (see our guide on Types of Variable).

· Dependent variable is approximately normally distributed for each category of the independent variable (see our guide on Testing for Normality).

· Equality of variances between the independent groups (homogeneity of variances).

· Independence of cases.

Example

A manager wants to raise the productivity at his company by increasing the speed at which his employees can use a particular spreadsheet program. As he does not have the skills in-house, he employs an external agency which provides training in this spreadsheet program. They offer 3 packages - a beginner, intermediate and advanced course. He is unsure which course is needed for the type of work they do at his company so he sends 10 employees on the beginner course, 10 on the intermediate and 10 on the advanced course. When they all return from the training he gives them a problem to solve using the spreadsheet program and times how long it takes them to complete the problem. He wishes to then compare the three courses (beginner, intermediate, advanced) to see if there are any differences in the average time it took to complete the problem.

Setup in SPSS

In SPSS we separated the groups for analysis by creating a grouping variable called "Course" and gave the beginners course a value of "1", the intermediate course a value of "2" and the advanced course a value of "3". Time to complete the set problem was entered under the variable name "Time". To know how to correctly enter your data into SPSS in order to run a repeated measures ANOVA please read our Entering Data in SPSS tutorial.

Testing assumptions

See how to test the normality assumption for this test in our Testing for Normality guide.

Test Procedure in SPSS

1. Click Analyze > Compare Means > One-Way ANOVA... on the top menu as shown below. 
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2. You will be presented with the following screen: 
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3. Drag-and-drop (or use the [image: image4.png]


buttons) to transfer the dependent variable ([image: image5.png]& Time



) into the Dependent List: box and the independent variable (Course) into the Factor: box as indicted in the diagram below: 
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4. Click the [image: image7.png]


 button. Tick the "Tukey" checkbox as shown below: 
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 button.

5. Click the [image: image10.png]


button. Tick the "Descriptive", "Homogeneity of variance test", "Brown-Forsythe", and "Welch" checkboxes in the Statistics area as shown below: 
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button.

6. Click the [image: image13.png]


 button. 

Go to the next page for the SPSS output and an explanation of the output.

SPSS Output of the one-way ANOVA

SPSS generates quite a few tables in its one-way ANOVA analysis. We will go through each table in turn. 

Descriptives Table
The descriptives table (see below) provides some very useful descriptive statistics including the mean, standard deviation and 95% confidence intervals for the dependent variable (Time) for each separate group (Beginners, Intermediate & Advanced) as well as when all groups are combined (Total). These figures are useful when you need to describe your data.
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Homogeneity of Variances Table
One of the assumptions of the one-way ANOVA is that the variances of the groups you are comparing are similar. The table Test of Homogeneity of Variances (see below) shows the result of Levene's Test of Homogeneity of Variance, which tests for similiar variances. If the significance value is greater than 0.05 (found in the Sig. column) then you have homogeneity of variances. We can see from this example that Levene's F Statistic has a significance value of 0.901 and, therefore, the assumption of homogeneity of variance is met. What if the Levene's F statistic was significant? This would mean that you do not have similar variances and you will need to refer to the Robust Tests of Equality of Means Table instead of the ANOVA Table.
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ANOVA Table
This is the table that shows the output of the ANOVA analysis and whether we have a statistically significant difference between our group means. We can see that in this example the significance level is 0.021 (P = .021), which is below 0.05 and, therefore, there is a statistically significant difference in the mean length of time to complete the spreadsheet problem between the different courses taken. This is great to know but we do not know which of the specific groups differed. Luckily, we can find this out in the Multiple Comparisons Table which contains the results of post-hoc tests.
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Robust Tests of Equality of Means Table
We discussed earlier that even if there was a violation of the assumption of homogeneity of variances we could still determine whether there were significant differences between the groups by not using the traditional ANOVA but using the Welch test. Like the ANOVA test, if the significance value is less than 0.05 then there are statistically significant differences between groups. As we did have similar variances we do not need to consult this table for our example.
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Multiple Comparisons Table
From the results so far we know that there are significant differences between the groups as a whole. The table below, Multiple Comparisons, shows which groups differed from each other. The Tukey post-hoc test is generally the preferred test for conducting post-hoc tests on a one-way ANOVA but there are many others. We can see from the table below that there is a significant difference in time to complete the problem between the group that took the beginner course and the intermediate course (P = 0.046) as well as between the beginner course and advanced course (P = 0.034). However, there were no differences between the groups that took the intermediate and advanced course (P = 0.989).
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Reporting the Output of the one-way ANOVA

There was a statistically significant difference between groups as determined by one-way ANOVA (F(2,27) = 4.467, p = .021). A Tukey post-hoc test revealed that the time to complete the problem was statistically significantly lower after taking the intermediate (23.6 ± 3.3 min, P = .046) and advanced (23.4 ± 3.2 min, P = .034) course compared to the beginners course (27.2 ± 3.0 min). There were no statistically significant differences between the intermediate and advanced groups (P = .989). 

