Anova 2x3
Suppose a statistics teacher gave an essay final to his class. He randomly divides the classes in half such that half the class writes the final with a blue-book and half with notebook computers. In addition the students are partitioned into three groups, no typing ability, some typing ability, and highly skilled at typing. Answers written in blue-books will be transcribed to word processors and scoring will be done blindly. The dependent variable will be the score on the essay part of the final exam. 

The first factor will be called Method and will have two levels, blue-book and computer. The second factor will be designated as Ability and will have three levels: none, some, and lots. Each subject will be measured a single time. Any effects discovered will necessarily be between subjects or groups and hence the designation "between groups" designs. 

The Data

In the case of the example data, the Ability factor has two levels while the Method factor has three. The X variable is the score on the final exam. The example data file appears below. 


Example Program using General Linear Model in SPSS

The analysis is done in SPSS by selecting "Analyse", "General Linear Model", and then "GLM - General Factorial." 
In the next screen, the Dependent Variable is X and the Fixed Factors are Ability and Method. The screen will appear as follows.
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Select "Options". Then select the "Descriptive Statistics" option under "Display." This will produce the table of means and standard deviations. Also move all factors from the left-hand box to the right-hand box. This will provide us with the means for each level of analysis.
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Interpretation of Output

The interpretation of the output from the General Linear Model command will focus on two parts: the table of means and the ANOVA summary table. The table of means is the primary focus of the analysis while the summary table directs attention to the interesting or statistically significant portions of the table of means. 

	Descriptive Statistics

	Dependent Variable:x

	ability
	method
	Mean
	Std. Deviation
	N

	none
	blue-book
	26.67
	4.726
	3

	
	computer
	28.00
	3.464
	3

	
	Total
	27.33
	3.777
	6

	some
	blue-book
	31.00
	2.646
	3

	
	computer
	36.67
	3.786
	3

	
	Total
	33.83
	4.262
	6

	lots
	blue-book
	33.33
	2.517
	3

	
	computer
	27.00
	4.583
	3

	
	Total
	30.17
	4.792
	6

	Total
	blue-book
	30.33
	4.183
	9

	
	computer
	30.56
	5.747
	9

	
	Total
	30.44
	4.878
	18


	2. ability

	Dependent Variable:x

	ability
	Mean
	Std. Error
	95% Confidence Interval

	
	
	
	Lower Bound
	Upper Bound

	none
	27.333
	1.518
	24.025
	30.642

	some
	33.833
	1.518
	30.525
	37.142

	lots
	30.167
	1.518
	26.858
	33.475


	3. method

	Dependent Variable:x

	method
	Mean
	Std. Error
	95% Confidence Interval

	
	
	
	Lower Bound
	Upper Bound

	blue-book
	30.333
	1.240
	27.632
	33.035

	computer
	30.556
	1.240
	27.854
	33.257


	4. ability * method

	Dependent Variable:x

	ability
	method
	Mean
	Std. Error
	95% Confidence Interval

	
	
	
	
	Lower Bound
	Upper Bound

	none
	blue-book
	26.667
	2.147
	21.988
	31.345

	
	computer
	28.000
	2.147
	23.321
	32.679

	some
	blue-book
	31.000
	2.147
	26.321
	35.679

	
	computer
	36.667
	2.147
	31.988
	41.345

	lots
	blue-book
	33.333
	2.147
	28.655
	38.012

	
	computer
	27.000
	2.147
	22.321
	31.679


An analysis of the total means reveal that Ability over levels of Method are different (27.33 vs. 33.83 vs. 30.17) with the mean for "Some" being the highest. The cell means show an increasing pattern for levels of Ability using a blue-book (26.67 vs. 31.00 vs. 33.33) and a different pattern for levels of Ability using a computer (28.00 vs. 36.67 vs. 27.00). 

The ANOVA Summary Table

The results of the analysis are presented in the ANOVA summary table, presented below for the example data. 
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The items of primary interest in this table are the effects listed under the "Source" column and the values under the "Sig." column. We use a significance level of .05. If the value of "Sig" is less than the value of , then that effect is significant. 

Main Effects

Main effects are differences in means over levels of one factor collapsed over levels of the other factor. This is actually much easier than it sounds. For example, the main effect of Method is simply the difference between the means of final exam score for the two levels of Method, ignoring or collapsing over experience. Thus, the main effect of Method is whether the two means associated with the Method factor are different. In the example case these means were 30.33 and 30.56 and the differences between these means was not statistically significant. 

As can be seen from the summary table, the main effect of Ability is significant. This effect refers to the differences between the three marginal means associated with Ability. In this case the values for these means were 27.33, 33.83, and 30.17 and the differences between them may be attributed to a real effect. 
Interaction Effects

An interaction effect is a change in the simple main effect of one variable over levels of the second. An A X B or A BY B interaction is a change in the simple main effect of B over levels of A or the change in the simple main effect of A over levels of B. In either case the cell means cannot be modelled simply by knowing the size of the main effects. An additional set of parameters must be used to explain the differences between the cell means. These parameters are collectively called an interaction. 

The between subjects table shows us a significant interaction between Ability and Method. To understand this interaction we need to explore the means. The interaction suggests that some typing ability allowed students to score higher when using a computer than when they had none or lots of ability in typing. 
Post Hoc

If a significant main effect or interaction is found, then you can only conclude that there is a significant difference amongst the levels of your IV(s) somewhere. You still have to isolate exactly where the significant differences lie. If an IV has only two levels then the significant F-value is sufficient to tell you that the two levels are significantly different from each other. If, however, you have three or more levels for an IV you need to follow up the significant F-value with Tukey's HSD post hoc test. 

You can select the post hoc test in your analysis. The Tukey test reveals that the differences in scores are between those with some and no ability. 

	Multiple Comparisons

	x

Tukey HSD

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

	
	
	
	
	
	Lower Bound
	Upper Bound

	none
	some
	-6.50*
	2.147
	.026
	-12.23
	-.77

	
	lots
	-2.83
	2.147
	.412
	-8.56
	2.90

	some
	none
	6.50*
	2.147
	.026
	.77
	12.23

	
	lots
	3.67
	2.147
	.242
	-2.06
	9.40

	lots
	none
	2.83
	2.147
	.412
	-2.90
	8.56

	
	some
	-3.67
	2.147
	.242
	-9.40
	2.06

	Based on observed means.

 The error term is Mean Square (Error) = 13.833.

	*. The mean difference is significant at the .05 level.


The results should be presented as follows:

The main effect of Method was not significant (F (1,12) = .016, p>0.05)
The main effect of Ability was significant (F (2,12) = 4.606, p<0.05)

There was a significant interaction between Method and Ability (F (2,12) = 4.004, p<0.05)
