Psy 521/621

Fall 2008
Lab 7 Activities

A Priori and Post-hoc Comparisons to the ANOVA

Learning Objectives

· Learn to conduct and interpret the output of a priori mean comparisons in SPSS

· Learn to conduct and interpret the output of post-hoc mean comparisons in SPSS

Exercise 1 
DATAFILE: Lesson 25 Exercise File 1.sav
A) Post Hoc analyses

We conducted a one-way ANOVA last week on this data set.  The omnibus F-statistic was not significant (i.e., p = .056 >  = .05).  Ordinarily we would not conduct post-hoc comparisons in this case.  However, today we will use this data set as an example of how to conduct and interpret several of the post-hoc tests including Fisher’s LSD, Bonferroni, Scheffe, and Tukey’s HSD.
Analyze(Compare means(Oneway ANOVA 

Click extroversion and move it to the dependent box

Click hair color and move it to the factor box

Click Options. Click Descriptive, Homogeneity tests, and Means plot.

Click Continue.

Click Post Hocs and check: LSD, Bonferroni, Scheffe, and Tukey.

Click Continue( OK.
Oneway
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Up to this point, the output is the same as we saw last week. Before we go on to look at the post-hoc tests, let’s get an idea of how relatively conservative/liberal the various methods of correcting for Type I error are:

	Least conservative …………………………………………………….. Most conservative

	Fisher’s LSD
	Tukey’s HSD
	Bonferroni
	Scheffe


Post Hoc Tests
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Look at how the p value for the blond-redhead comparison differs depending on which correction you choose. For the two most conservative tests of the ones we’ve chosen (Bonferroni & Scheffe) the comparison is not significant. For the two least conservative tests (Tukey’s HSD and Fisher’s HSD) the comparison is significant.
Homogeneous Subsets
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Means Plots
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Effect size: Eta squared = SSbetween/SStotal
                                          24.11/ 75.61 = .31

Post-hoc APA results:
A one-way analysis of variance was conducted to evaluate the effect of hair color on extroversion. The independent variable was hair color with three levels (blonde, brunette, and redhead), while the dependent variable extroversion score, where higher scores indicated higher levels of extroversion. The results were not significant, F(2, 15) = 3.51, p = .06, η2 = .31. While results were not significant, blondes scored highest on the measure of extroversion (M= 5.17, SD = 2.79), brunettes scored moderately on the measure of extroversion (M= 3.67, SD = 1.21), and redheads scored the lowest on extroversion (M = 2.33, SD = 1.03).
Post hoc analyses were conducted to assess further differences amongst groups (note, this would not be done with a non-significant omnibus test, this is just for the purpose of example). Pairwise comparisons among the three groups were conducted using Tukey’s HSD. Based on the HSD results, blondes scored significantly higher on extroversion than redheads, while no significant differences were found between blondes and brunettes, or between brunettes and redheads.
B)  A priori contrasts
We next focus on conducting and interpreting results of an a priori contrast.  Suppose the researcher conducting this study could motivate on theoretical grounds (I don’t see how but suppose this is true) that blondes are the most extroverted, redheads are the least extroverted, and brunettes are moderate in terms of their extroversion.  Conduct an a priori contrast for this expectation, namely that blondes would have a contrast weight of +1, brunettes of 0, and redheads of -1.  Compare the results (i.e., the p-value) for this a priori contrast with the results (i.e., the p-value) for the omnibus ANOVA and note what you see.  This illustrates the point that a priori contrasts can have greater statistical power.

Analyze(Compare means ( Oneway ANOVA 

All should be the same as above.

Click Contrasts. In the box next to Coefficients, type in 1, click Add. Type in 0, click Add. Type in -1, click Add.

Click Continue( OK.

*Note: We are using these values based on the way our variables have been coded. The coefficient 1 will be assigned to Blonde because blonde = 1. The coefficient 0 will be assigned to brunette because brunette = 2. The coefficient -1 will be assigned to redhead because redhead = 3. If we were to create a table of coefficients it would look like this:

	Level of Hair Color
	Coded as
	Coefficient =

	Blonde
	1
	1

	Brunette
	2
	0

	Redhead
	3
	-1


If our data were coded as follows, the coefficients would be the same, but would be entered in a different order:

	Level of Hair Color
	Coded as
	Coefficient =

	Brunette
	1
	0

	Blonde 
	2
	1

	Redhead
	3
	-1


We have chosen these coefficients because we have hypothesized that blondes will have higher scores (hence the +1) than redheads (hence the -1). However, we do not expect that brunettes will significantly differ from either brunettes or blondes (hence a coefficient of zero). The coefficients should sum to zero.

Here is the new information we get (Descriptives, homogeneity test, and ANOVA table are above):
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Is the contrast significant? –Yes.

What’s the p-value associated with the comparison? p = .018

Let’s compare this to the p-value we got when running this comparison as a post-hoc test. With the exception of Fisher’s LSD, this p value is much smaller.
APA results:

A hypothesis driven analysis of variance was conducted to evaluate the hypothesis that  blondes are the most extroverted, redheads are the least extroverted, and brunettes are moderate in terms of their extroversion. The results were significant, F(1, 15) = 7.02, p < .05 [t(15) = 2.65, p < .05]. Blondes, on average, exhibited the highest extroversion scores (M = 5.17, SD = 2.79) redheads exhibited the lowest extroversion scores (M = 2.33, SD = 1.03), and brunettes exhibited moderate extroversion scores (M = 3.67, SD = 1.21).
Exercise 2.  ANOVA
DATAFILE: LESSON 25 EXERCISE FILE 2
A) Post Hoc comparisons
From last week’s ANOVA, we found a significant omnibus test statistic.  We will conduct and interpret the following post-hoc tests including Fisher’s LSD, Bonferroni, Scheffe, and Tukey’s HSD. 
Let’s run a one-way ANOVA.

Analyze(Compare Means(Oneway ANOVA
Click trouble and move it to the dependent box

Click class and move it to the factor box

Click Options. Click Descriptive, Homogeneity tests, and Means plot. Also Click Welch (as you may remember from last week, we know this dataset has a heterogeneity of variance problems).
Click Continue.

Click Post Hocs and check: LSD, Bonferroni, Scheffe, Tukey, and Dunnett’s C.
Click Continue( OK.
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Post Hoc Tests
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Let’s note some of the differences in significance based on which correction we choose. The comparison between keepers of the behavior problems and strict disciplinarians is only significant if we choose to use Fisher’s LSD. That is because it is the least conservative of the tests.
Homogeneous Subsets
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Means Plots
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Eta squared = 83.39/360 = .23

APA Results

A one-way analysis of variance was conducted to evaluate the effect of different teaching styles on classroom behavior. The independent variable was teaching style with three levels—firm humanistic (n = 9), strict disciplinarian (n = 21), and keepers of the behavior problems (n = 10)—while the dependent variable was the total number of times students in classrooms were sent to the office. The ANOVA was significant, F(2, 37) = 5.58, p < .01. The η2 was relatively large, .23, and indicated that 23% of the variability in the number of office trips by students could be explained by differences in teaching styles. Students in “keeper” classrooms showed the highest number of behavior problems (M = 9.7, SD = 4.79), followed by students in strict classrooms (M = 7.29, SD = 1.68), while students in humanistic classrooms showed the least amount of behavior problems (M = 5.56, SD = 1.33). 

To assess further differences among groups, we conducted pairwise comparisons among the three means. Levene’s test was significant, F(2, 37) = 14.40, p < .01, indicating unequal variances among the groups. Therefore, Dunnett’s C was employed to control for family-wise error while making follow-up comparisons. Based on the results of Dunnett’s C, teachers who used a humanistic teaching style experienced significantly fewer behavior problems than did the strict disciplinarians. No significant differences were found between humanistic classrooms and the “keepers” classrooms, nor between the “keepers” classrooms and the strict classrooms.
B) A priori contrasts

We next focus on conducting and interpreting results of an a priori contrast.  Suppose the researcher conducting this study could motivate on theoretical grounds that humanists with control would have the fewest behavior problems (-1), keepers of problem behavior would have the most behavior problems (1), and strict disciplinarians would have a moderate level of behavior problems (0).  Let’s conduct an a priori contrast for this expectation and interpret the results.  
Analyze(Compare Means(One-Way ANOVA 

Everything should be the same from the post-hoc analysis we just conducted.
Click Contrasts.

Type 1 in Coefficients. Click Add. Type 0 in coefficients. Click Add. Type -1 in coefficients. Click Add. (For pedagogical purposes, click Next and Type in -1 Add; 0 Add; 1 Add)

Click Continue(OK. 
Here is the new output.
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Sample APA write-up:
A one-way analysis of variance using a priori contrasts was conducted to evaluate whether humanistic teachers (n = 9) experience fewer behavior problems than do strict disciplinarians (n = 21), and even fewer behavior problems than “keepers” teachers (n = 10). Levene’s test was significant, F(2,37) = 14.04, p <.01; equal variances were not assumed. The results were significant, t(10.53) = -2.63, p = .02. Humanistic teachers, on average, experienced the fewest behavior problems (M = 5.56, SD = 1.33), strict disciplinarians experienced moderate behavior problems (M = 7.29, SD = 1.68), and “keepers” teachers experienced the most behavior problems (M = 9.70, SD = 4.79).
Conducting Post-Hoc and A Priori Tests Using the GLM( Univariate Method
Example 1a: Haircolor Post-Hocs
Analyze(GLM(Univariate 

Click extroversion and move it to the dependent box

Click hair color and move it to the fixed factors box

Click options and click hair in the “factors” box and move to “display means” box

Click Descriptive stats, Estimates of effect size, Homogeneity tests, and spread-vs.-level plot in the display box.

Click Continue.

Click Plots. Move hair to the “horizontal axis” box and click Add. 

Click Continue.

Click Post Hocs and click hair in the “factors” box and move to the “Post Hocs for” box. Check LSD, Bonferroni, Scheffe, and Tukey.
Click Continue( OK.

This is the output you will get. It looks basically the same as the output you get with the Compare Mean method.

Univariate Analysis of Variance
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Estimated Marginal Means
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Post Hoc Tests

Hair Color
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Homogeneous Subsets
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Profile Plots
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Example 1b: Haircolor A Priori
Analyze(GLM(Univariate 

Click extroversion and move it to the dependent box

Click hair color and move it to the fixed factors box

Click options and click hair in the “factors” box and move to “display means” box

Click Descriptive stats, Estimates of effect size, and Homogeneity tests.

Click Continue.

Click Plots. Move hair to the “horizontal axis” box and click Add. 

Click Continue.

Click Paste. Add highlighted command:

UNIANOVA
  extrover  BY hair

  /METHOD = SSTYPE(3)

  /lmatrix 'blonde brunette redhead'

  hair 1 0 -1
  /INTERCEPT = INCLUDE

  /PLOT = PROFILE( hair )

  /EMMEANS = TABLES(hair)

  /PRINT = DESCRIPTIVE ETASQ HOMOGENEITY

  /CRITERIA = ALPHA(.05)

  /DESIGN = hair.
Click Run( All.

This is the output you will get. It looks different in a couple places.

Univariate Analysis of Variance
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Custom Hypothesis Tests
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The information you get here is the same as with the Compare Means method, except that it does not give you a t value. Note that the p value (.018) is the same here and in the Compare Means method: SPSS is running the same contrast.
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Estimated Marginal Means

[image: image33.wmf]Hair Color

Dependent Variable: Social Extroversion

5.167

.756

3.554

6.779

3.667

.756

2.054

5.279

2.333

.756

.721

3.946

Hair Color

Blonde

Brunette

Redhead

Mean

Std. Error

Lower Bound

Upper Bound

95% Confidence Interval


Profile Plots

[image: image34.wmf]Estimated Marginal Means of Social Extroversion

Hair Color

Redhead

Brunette

Blonde

Estimated Marginal Means

5.5

5.0

4.5

4.0

3.5

3.0

2.5

2.0


PAGE  
1

