One-way anova

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.

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".
What is the IV?
What is the DV?

	
	Course
	Time in seconds

	1
	beginner
	21

	2
	beginner
	20

	3
	beginner
	19

	4
	beginner
	18

	5
	beginner
	21

	6
	beginner
	20

	7
	beginner
	24

	8
	beginner
	23

	9
	beginner
	20

	10
	beginner
	21

	1
	intermediate
	35

	2
	intermediate
	30

	3
	intermediate
	32

	4
	intermediate
	36

	5
	intermediate
	34

	6
	intermediate
	34

	7
	intermediate
	35

	8
	intermediate
	39

	9
	intermediate
	41

	10
	intermediate
	43

	1
	advanced
	52

	2
	advanced
	50

	3
	advanced
	52

	4
	advanced
	53

	5
	advanced
	54

	6
	advanced
	59

	7
	advanced
	58

	8
	advanced
	58

	9
	advanced
	59

	10
	advanced
	57


Click Analyze > Compare Means > One-Way ANOVA... on the top menu as shown below.
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You will be presented with the following screen:
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Drag-and-drop (or use the [image: image3.png]


buttons) to transfer the dependent variable ([image: image4.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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Click the [image: image6.png]


 button. Tick the "Tukey" checkbox as shown below:
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1. Click the [image: image8.png]


 button.

2. Click the [image: image9.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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1. Click the [image: image11.png]


button.

2. Click the [image: image12.png]


 button. 

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.

	Descriptives

	time

	
	N
	Mean
	Std. Deviation
	Std. Error
	95% Confidence Interval for Mean
	Minimum
	Maximum

	
	
	
	
	
	Lower Bound
	Upper Bound
	
	

	beginner
	10
	20.7000
	1.76698
	.55877
	19.4360
	21.9640
	18.00
	24.00

	intermediate
	10
	35.9000
	4.01248
	1.26886
	33.0296
	38.7704
	30.00
	43.00

	advanced
	10
	55.2000
	3.35989
	1.06249
	52.7965
	57.6035
	50.00
	59.00

	Total
	30
	37.2667
	14.68505
	2.68111
	31.7832
	42.7502
	18.00
	59.00


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 similar 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 0.037 and, therefore, the assumption of homogeneity of variance is not present. What does this mean? 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.

	Test of Homogeneity of Variances

	time

	Levene Statistic
	df1
	df2
	Sig.

	3.747
	2
	27
	.037


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 0.000 (P = .000), 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.

	ANOVA

	time

	
	Sum of Squares
	df
	Mean Square
	F
	Sig.

	Between Groups
	5979.267
	2
	2989.633
	293.955
	.000

	Within Groups
	274.600
	27
	10.170
	
	

	Total
	6253.867
	29
	
	
	


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. This is the case below!
	Robust Tests of Equality of Means

	time

	
	Statistica
	df1
	df2
	Sig.

	Welch
	411.724
	2
	15.839
	.000

	a. Asymptotically F distributed.




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 = .000) as well as between the beginner course and advanced course (P = .000) and between the groups that took the intermediate and advanced course (P = .000).

	Multiple Comparisons

	time

Tukey HSD

	(I) course
	(J) course
	Mean Difference (I-J)
	Std. Error
	Sig.
	95% Confidence Interval

	
	
	
	
	
	Lower Bound
	Upper Bound

	beginner
	intermediate
	-15.20000*
	1.42621
	.000
	-18.7362
	-11.6638

	
	advanced
	-34.50000*
	1.42621
	.000
	-38.0362
	-30.9638

	intermediate
	beginner
	15.20000*
	1.42621
	.000
	11.6638
	18.7362

	
	advanced
	-19.30000*
	1.42621
	.000
	-22.8362
	-15.7638

	advanced
	beginner
	34.50000*
	1.42621
	.000
	30.9638
	38.0362

	
	intermediate
	19.30000*
	1.42621
	.000
	15.7638
	22.8362

	*. The mean difference is significant at the 0.05 level.



	


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 slower after taking the intermediate (35.9, P = .000) and advanced (55.2, P = .000) course compared to the beginners course (20.7, P= .000). 
Now try this one yourself…

One-way Anova

Mandy Davies predicts that students will learn most effectively with a constant background sound, as opposed to an unpredictable sound or no sound at all. She randomly divides twenty-four students into three groups of eight. All students study a passage of text for 30 minutes. Those in group 1 study with background sound at a constant volume in the background. Those in group 2 study with noise that changes volume periodically. Those in group 3 study with no sound at all. After studying, all students take a 10 point multiple-choice test based on the material. Their scores follow:

	condition
	Score

	Constant sound


	5

2

2

3

5

5

4

5

7

5

	Random sound


	3

3

5

2

5

4

4

6

4

3

	No sound


	8

6

6

7

7

8

8

8

7

8


