Statistics for Everyone, Student Handout  

Statistics as a Tool in Scientific Research:  Two-Way Analysis of Variance:

Examining the Individual and Joint Effects of Two Independent Variables
A.  Terminology and Uses of the Two-Way ANOVA
One-way ANOVA = one factor = one independent variable with 2 or more levels/conditions

Two-way ANOVA = two factors = two independent variables; each IV has 2 or more levels/conditions

If you have 2 IVs in the same study, you can examine them each independently and in conjunction with each other

· Does IV1 influence DV? (main effect)

· Does IV2 influence DV? (main effect)

· Do the effects of IV1 and IV2 combined differentially affect DV? (interaction)
Notation:  2 x 2,   2 x 3,   2 x 4,   2 x 2 x 3 factorial design

· Number of numbers = how many factors (IVs)

· How many factors = how many “ways”  (one factor = one-way, two factors = two-way, etc.)
· Number itself  = how many levels of that IV

· Total number of conditions = product
So a 2x2 design has 4 conditions; a 2x3 has 6 conditions

Two-Way ANOVA Used for:  Analyzing the independent and joint effects of two different independent variables in a single study


e.g., You are interested in whether ER patients get more agitated when the machine monitoring their vital signs emits lots of noises.  You measure their pulse as a way to index their agitation, and have some of the patients hooked up to machines that are very noisy or machines that have the volume off. 
So the DV = Pulse  (beats per minute), and IV1 =  Monitor Volume (volume on, volume off) .
You are also interested in whether men or women tend to have higher pulse rates when in the ER, and in particular, whether each gender responds differently to the presence of noisy monitoring devices, 
so IV2 =  Gender (male, female) .
	 
	Male
	Female

	  Volume on
	 
	 

	  Volume off
	 
	 


This 2x2 factorial design will yield three key pieces of information:

Main effect for IV1:  Monitor Volume (volume on, volume off). 

Overall, did pulse rate differ as a function of monitor volume?  Did the monitor volume matter? 

Main effect for IV2: Gender (male, female). 

Overall, did pulse rates differ as a function of gender?  Did gender matter?

Interaction IV1xIV2:  Interaction of monitor volume and gender. 

Did the influence of the monitor’s volume on pulse rates depend on whether the person was male
or female?  

B.  Understanding Main Effects in a Factorial Design 
IV2




Male

Female 

IV1
Volume on
  100

     80        (90) = (100+80)/2


Volume off  
    70

     60        (65) = (70+60)/2

                                 
   (85)

    (70)


                              (100+70)/2                  (80+60)/2
Cell means: means for each condition (100, 80, 70, 60)
Marginal means:  Shown in parentheses; these are the means for main effects (average of cell means in respective column or row)

Using a factorial design is like having two separate studies rolled into one: You get to see the overall effects of each variable. A main effect lets you know overall whether that IV influenced the DV, ignoring the other IV

· Main effect for IV1:  Does monitor volume matter?  Does it effect pulse rate?  90 vs. 65

· Main effect for IV2:  Does gender matter?  Does it effect pulse rate?  85 vs. 70

Look at F value and corresponding p value for each main effect to see whether it is significant. Is it probably a real effect?

As in a one-way ANOVA, if the main effect is significant and there are only 2 levels of IV, you know where the difference is

If 3 or more levels of IV, you know that at least one condition is different from the others but do not know which differences are real.  You would need to run additional tests to see which differences between 2 conditions are real (e.g., Tukey’s HSD if equal n; Fisher’s protected t if unequal n)
Here is a 3x2 factorial with 6 conditions:

	 
	  Male
	  Female

	  Very noisy
	 
	 

	  Somewhat noisy
	 
	 

	  Volume off
	 
	 


C.  Understanding Interactions:  Looking at Cell Means

Factorial designs not only yield info about main effects, but they provide a third – and often critical – piece of information about the interaction between the two variables:  An interaction is present when the main effects do not tell the full story; you need to consider IV1 in relation to IV2.  Do the effects of one IV on the DV depend on the level of the 2nd IV?  Is the pattern of one IV across the levels of the other IV different depending on the level of the other IV (not parallel)?

Sometimes the interaction QUALIFIES the main effects: The conclusion you would draw from the main effects is not an accurate picture of what is happening

Example 1:  Crossover interaction





  Male

Female


   
Volume on 
   100
   >
   50

(75)



Volume off 
    50
   <
   100

(75)





   (75)
   =
    (75)

The main effects would lead you to conclude that neither variable influenced pulse rates.  But that is not true.  Look at the patterns shown by the cell means.

Example 2:  Treatment works for one level but not for other





Male

Female


    
Volume on    
100
>
   50

(75)



Volume off
  80
=
   80

(80)





 (90)
>
  (65)

The main effects would lead you to conclude that males always have higher pulse rates, but that is only true when the volume is on (not when the volume is off) 

Whenever an interaction is significant (as shown by the F and p value) and the conclusion you would draw from a main effect is not true at all levels of the other IV, then you have an interaction that qualifies the main effects

Interactions can be seen easily when line graphs are made

· Nonparallel lines = Interaction

· Parallel lines = No interaction

These two examples below have nonparallel lines, which suggests an interaction is present
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Descriptive Statistics Dependent Variable: Pulse (beats per minute) 105.84626.3225313 105.63646.5003511 105.75006.2641124 82.16677.7781718 81.46157.4343313 81.87107.5177231 92.096813.8331831 92.541714.0928024 92.290913.8185055 Gender male female Total male female Total male female Total MonitorVolume 1.00 2.00 Total MeanStd. DeviationN
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Dependent Variable: Pulse (beats per minute)
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Tests of Between-Subjects Effects Dependent Variable: Pulse (beats per minute) 7717.377 a32572.45950.577.000 468541.4381468541.4389211.990.000 7625.55117625.551149.926.000 2.78712.787.055.816 .8171.817.016.900 2593.9695150.862 478780.00055 10311.34554 Source Corrected Model Intercept MonVol Gender MonVol * Gender Error Total Corrected TotalType III Sum of SquaresdfMean SquareFSig. R Squared = .748 (Adjusted R Squared = .734) a. 


These two examples below have parallel lines, which suggests no interaction
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Within-Subjects Factors Measure: MEASURE_1 OnEarly OnLate OffEarly OffLate time 1 2 1 2 volume 1 2 Dependent Variable
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Descriptive Statistics 104.93334.4795815 147.66675.2326815 81.80007.3795115 98.86674.9694315 Cond 1 Monitor On, Early Cond 2 Monitor On, Late Cond 3 Monitor off, Early Cond 4 Monitor Off, lateMeanStd. DeviationN


Interactions That Do Not Qualify Main Effects
Sometimes an interaction is significant but it does not change the conclusions you draw from the main effects. The interaction does NOT qualify the main effect because the patterns are the same, it is HOW MUCH the difference varies that drives the interaction




Male 
Female


   
Volume on 
60     <
   90
(75)



Volume off 
50      <   60
(55)





(55)    <  (75)

Women always have higher pulse rates than men but the relative difference is more marked when the volume is on than when it is off:  
Volume on: 60 vs. 90 = 30 point difference  

 
Volume off:  50 vs. 60 = 10 point difference

The volume being on always produced higher pulse rates than the volume being off, but women are especially affected by this 

 
Men: 60 vs. 50 = 10 point difference


Women: 90 vs. 60 = 30 point difference

This interaction can be seen clearly when a line graph is made.  The lines are not parallel but are moving in the same direction (i.e., slopes have same sign but different values); Women always have higher pulses than men but especially so when the volume is on
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Note:  Graphs can be made with either variable on the x axis; a good researcher thinks about whether the data tell the story better with IV1 or IV2 on the x axis
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Within-Subjects Factors Measure: MEASURE_1 VolumeOn VolumeOff volume 1 2Dependent Variable
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These two graphs plot the same 4 cell means but each emphasizes a different aspect of the story by varying which variable is on the x axis.
Important reminders:

· when talking about main effects, always use marginal means

· when talking about interactions, always use cell means

· when making graphs, graph the cell means, not the marginal means

D.  Types of Factorial Designs
Between Subjects Factorial Design: 
IV1 = between; IV2 = between



Male

Female

Volume on 
20 subj

20 subj

Volume off 
20 subj

20 subj

Total N = 20+20+20+20 = 80

Within Subjects Factorial Design:  IV1 = within; IV2 = within 



Within 1st hr
After 3 hrs

Volume on 
20 subj

same

Volume off 
same 

same

Total N = 20

Mixed Factorial Design:  IV1 = within; IV2 = between





     (between subjects)





Men

Women 
(Within)
Volume on 
20 subj

20 subjects



Volume off 
same men
same women

Total N = 20+20 = 40

Three-way ANOVA: 3 IVs, completely crossed with each other

e.g., a factorial design of Monitor volume x Gender x Illness would yield the following:
· Main effect A:  Monitor volume (volume on, volume off)

· Main effect B:  Gender (men, women)

· Main effect C:  Illness  (cardiac, flu, broken bone)

· Interactions:  AxB;  AxC; BxC; AxBxC

Same principles apply

E.  Reporting Two-Way ANOVA Results

State key findings in understandable sentences, and use descriptive and inferential statistics to supplement verbal description by putting them in parentheses and at the end of the sentence.  Use a table and/or figure to illustrate findings.
Step 1.  Describe the design itself
A two-way ANOVA of [IV1] (level 1, level 2) and [IV2] (level 1, level 2) on [DV] was conducted

[DV] was analyzed in a two-way [between, within, mixed] ANOVA, with [IV1] (level 1, level 2) as a [between subjects; within subjects] variable and [IV2] (level 1, level 2) as a [between subjects; within subjects] variable 

A 2 x 2 factorial [between; within; mixed] ANOVA was conducted on [DV], with [IV1] (level 1, level 2) and [IV2] (level 1, level 2) as the independent variables 


A two-way ANOVA of monitor volume (volume on, volume off) and patient’s gender (male, female) on pulse rate as measured by beats per minute was conducted

The number of beats per minute was analyzed in a two-way mixed factorial ANOVA, with monitor volume (volume on, volume off) manipulated within-subjects and gender (male, female) as a between-subjects variable 

A 2 x 2  between-subjects ANOVA was conducted on pulse rate, with  monitor volume and patient’s gender as factors


Step 2:  Report the main effect for IV1:

 A significant main effect of [IV1] on [DV] was found, F(dfbet, dferror) =  x.xx, p = xxx.

The main effect of [IV1] on [DV] was/was not significant, F(dfbet, dferror) =  x.xx,   p = xxx. 

Step 2a:  If the main effect is significant, the describe it by reporting the marginal means

[DV] was higher/lower for [IV1, Level 1] (M = x.xx) than for [IV1, Level 2] (M = x.xx).

[DV] did not significantly differ between [IV1, Level 1] (M = x.xx) and [IV1, Level 2] (M = x.xx).

 A significant main effect of monitor volume on pulse rate was found, F(1, 45) =  12.82, p < .001.  Patients’ pulse rates were higher when the volume was on (M = 100.53) than when the volume was off  (M = 75.13)

The main effect of monitor volume  on pulse rate was not significant, F(1, 45) = 1.31, p  = .43.  [No need for an additional sentence, though some people like to say:  Thus pulse rates did not differ when the volume was on (M = 88.23) or off (M = 84.66)]
Step 3:  Report the main effect for IV2

Step 3a:  If the main effect is significant, the describe it by reporting the marginal means

Use same sentence structures as Step 2 and 2a.

 A significant main effect of gender on pulse rate was found, F(1, 45) =  15.88, p < .001.  Men’s pulse rates were higher  (M = 105.88) than women’s  (M = 85.31)

The main effect of gender on pulse rate was not significant, F(1, 45) = 1.31, p  = .43.  [No need for an additional sentence, though some people like to say:  Thus pulse rates did not differ between men (M = 86.25) or women (M = 89.32)]

Step 4:  Report the interaction

The [IV1] x [IV2] interaction was/was not significant, F(dfIV1xIV2, dferror) = x.xx, p = xxx

When the interaction is NOT significant (i.e., when p > .05), that is all you need to do.

When the interaction is significant, you have to determine whether it qualifies the main effects or not and then report the cell means to describe the patterns
Reporting Significant Interactions That Qualify the Main Effects:

You may examine CELL MEANS and see that the pattern for one IV across the other IV is not the same (i.e., the lines in the graph are not parallel).  When the patterns are different, this will qualify the main effects.  That is, the statement you make about a main effect is NOT true for all levels of the other IV. 

e.g., when the volume is on, heart rates are higher for women than for men, but when the volume is off, women have lower heart rates than men.  So it is not true that women’s heart rates are always higher, as you might have concluded if you only looked at the main effect.

Maybe when the volume is on, women’s heart rates are higher than men, but when the volume is off, women and men have similar heart rates. So it is not true that women’s heart rates are always higher, as you might have concluded if you only looked at the main effect

In those cases, the interaction qualifies the main effects and you need to say so, such as:
The main effect of [IV] on [DV][ was significant, F(df, df) = x.xx, p < .xxx but this was qualified by an interaction between [IV1] and [IV2], F(dfIV1xIV2, dferror) = x.xx, p < .xxx. 

The describe the patterns, incorporating CELL MEANS & SDs into the sentence:

When the volume on the monitor was on, women’s heart rates (M=x.xx, SD=x.xx) were higher than men's’  (M=x.xx, SD=x.xx) . However, when the volume was off, women’s heart rates (M=x.xx, SD=x.xx) were lower than men's’  (M=x.xx, SD=x.xx) 

When the volume on the monitor was on, women’s heart rates (M=x.xx, SD=x.xx) were higher than men's’  (M=x.xx, SD=x.xx) . However, when the volume was off, women’s heart rates (M=x.xx, SD=x.xx) did not differ from men's’  (M=x.xx, SD=x.xx) 

Reporting Significant Interactions That Do Not Qualify the Main Effects 
What happens if you examine the cell means and you observe that the pattern for one IV is the same across the other IV -- e.g., when the volume is on,  men’s heart rate is higher than women's; likewise, when the volume is off, men’s heart rate is higher than women's   

If the interaction was significant but is saying the same thing as the main effect does, then it does NOT qualify the main effects, it just indicates that the pattern is more pronounced at one level of an IV than at the other level.  

That is, the main effects tell the story (men have higher heart rates than women in the ER, and this is true whether the monitor’s volume is on or off). What is driving the significant interaction can be seen if you drew this as a graph – the lines are moving in the same direction but one slope is steeper than the other. HOW much higher men’s heart rates are relative to women's differs depending on whether the volume is on or off

What you need to say in this case is simpler: The [fill in name of IV1] and [fill in name of IV2] interaction was significant though it did not qualify the main effects, F(df, df) = x.xx, p < .xxx. When the volume was off, heart rates were higher for men (M=x.xx, SD=x.xx) than for women (M=x.xx, SD=x.xx).  Likewise, when the volume was on, heart rates were higher for men (M=x.xx, SD=x.xx) than for women (M=x.xx, SD=x.xx) though the relative difference was more marked with the volume off.
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F.  Effect Size in Two-Way ANOVAs

There are 3 different effect sizes that can be calculated:  Effect size for IV1, Effect size for IV2, Effect size for IV1xIV2 interaction 

All three are measured by eta squared:   (2 = SSfactor/SStotal

G.  Running Two-Way ANOVAs on SPSS: Before You Begin
Map out your design on paper before inputting data into the computer.  How you set the data file up depends on the type of design (between, within, mixed)




                  IV2




  Level 1
     Level 2

IV1          
Level 1      1  (1, 1)     2 (1, 2)



Level 2      3  (2, 1)     4 (2, 2)
There are 4 conditions in this 2x2 design. The numbers in parentheses represent the levels of each IV:  the first number = the level of IV1; the second number represents the level of IV2






Gender




  
Men 

Women

IV1       
Volume on      
1  (on, men)     2 (on, women)



Volume off  
3  (off, men)     4 (off, women)

H.  Running Between Subjects Factorial on SPSS

Setting up SPSS Data File:  3 columns, one for each IV and one for DV (use codes for IV1 and IV2 for labels)


IV1 

IV2 

DV

Running the Analysis: Analyze ( General linear model ( Univariate

Enter your DV in the box labeled “Dependent”; Enter both of your IVs in the box labeled “Fixed factors”

Click on “options” and in top box, highlight each IV and the interaction and send them to the box labeled “Display means for…”

Check the box labeled “Descriptives” and then “continue”; Click OK to run the analysis

SPSS Output:  The output files contain several different parts. Look for these important elements.


[image: image1]
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Report as:

Main effect for Monitor Volume:  F(1, 51) = 149.93, p < .001 (significant)

Main effect for Gender:  F(1, 51) = 0.06, p = .82 (not significant)

Monitor Volume x Gender interaction:  F(1, 51) = 0.16, p = .90 (not significant)

You will also get the marginal means and cell means in the output


[image: image3.emf]Estimated Marginal Means

1. MonitorVolume Dependent Variable: Pulse (beats per minute) 105.7411.461102.808108.674 81.8141.29879.20884.420 MonitorVolume 1.00 2.00MeanStd. ErrorLower BoundUpper Bound 95% Confidence Interval 2. Gender Dependent Variable: Pulse (beats per minute) 94.0061.29891.40196.612 93.5491.46190.61696.482 Gender male femaleMeanStd. ErrorLower BoundUpper Bound 95% Confidence Interval 3. MonitorVolume * Gender Dependent Variable: Pulse (beats per minute) 105.8461.978101.875109.817 105.6362.150101.319109.953 82.1671.68178.79285.541 81.4621.97877.49185.433 Gender male female male female MonitorVolume 1.00 2.00 MeanStd. ErrorLower BoundUpper Bound 95% Confidence Interval


I.  Running Within Subjects Factorial on SPSS

Setting up SPSS Data File for 2x2 Design:  4 columns, one for each condition

1 (1, 1)

2 (1,2)

3 (2,1)

4 (2,2)


Running the Analysis:  Analyze ( General Linear Model  ( Repeated measures

Type in name of IV1 where is says “Within-subjects factor name” and type in number of levels of IV1 where it says “Number of Levels”; Click on the “Add” button

Type in name of IV2 under “factor” and the corresponding number of levels, and then click “Add” and then “Define”

Send your variables in order (each column) to the “Within subjects variable box” (numbers should correspond to depiction above:  1,1   1,2    2,1   2,2

Click on “Options,” and in top box, highlight each IV and the interaction and send them to the box labeled “Display means for…”

Check the box that say “descriptive statistics” and then “continue” and then hit “Ok” and the analysis will run

SPSS Output: The output files contain several different parts. Look for these important elements.
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Report as:

Main effect for Monitor Volume:  F(1, 14) = 600.04, p < .001 (significant)

Main effect for Time:  F(1, 14) = 409.38,  p < .001 (not significant)

Monitor Volume x Time interaction:  F(1, 14) = 70.84, p < .001 (not significant)
The output file will also contain cell and marginal means: 
[image: image7.emf]Estimated Marginal Means

1. volume Measure: MEASURE_1 126.300.968124.223128.377 90.3331.01488.15992.508 volume 1 2MeanStd. ErrorLower BoundUpper Bound 95% Confidence Interval 2. time Measure: MEASURE_1 93.3671.09191.02895.706 123.267.889121.360125.173 time 1 2MeanStd. ErrorLower BoundUpper Bound 95% Confidence Interval 3. volume * time Measure: MEASURE_1 104.9331.157102.453107.414 147.6671.351144.769150.564 81.8001.90577.71385.887 98.8671.28396.115101.619 time 1 2 1 2 volume 1 2 MeanStd. ErrorLower BoundUpper Bound 95% Confidence Interval


J.  Running Mixed Factorial on SPSS

Setting up SPSS Data File:   3 columns, one for between subjects variable, and two for each condition/level of within subjects variable

IV1 (between) 

IV2 Level1 
IV2 Level 2

            (use labels for codes)
Running the Analysis: 

Analyze ( General Linear Model  ( Repeated measures

Type in name of IV2 where is says “Within-subjects factor name”; Type in number of levels of IV2 where it says “Number of Levels” then click on the “Add” button

Send over the levels of IV2 where it says “Within-subjects variable”

Send over the between-subjects variable (IV1) where it says “Between-subjects factor”

Click on “Options,” and in top box, highlight each IV and the interaction and send them to the box labeled “Display means for…”

Check the box that says “Descriptive statistics” and then “continue” and then hit “Ok” 

SPSS Output: The output files contain several different parts. Look for these important elements.


[image: image8]

[image: image9]

[image: image10]

[image: image11]

[image: image12]
Note the main effect for the within subjects variable and the interaction (because it involves a within subjects variable) will be found in the  box for “tests of within subjects effects,” whereas the main effect for the between subjects variable will be founding the box “tests of between subjects effects.”

Report as:

Main effect for Volume: F(1, 30) = 610.82, p < .001 (significant)
Main effect for Gender: F(1, 30) = 253.04, p < .001 (significant)

Volume x Gender interaction: F(1, 30) = 724.32, p < .001

The marginal and cell means will also appear in the output.


[image: image13.emf]Estimated Marginal Means

1. Gender Measure: MEASURE_1 108.5001.372105.698111.302 78.5591.28975.92781.191 Gender male femaleMeanStd. ErrorLower BoundUpper Bound 95% Confidence Interval 2. volume Measure: MEASURE_1 107.7471.058105.587109.907 79.3121.14676.97081.653 volume 1 2MeanStd. ErrorLower BoundUpper Bound 95% Confidence Interval 3. Gender * volume Measure: MEASURE_1 138.2001.542135.051141.349 78.8001.67175.38782.213 77.2941.44874.33680.252 79.8241.57076.61783.030 volume 1 2 1 2 Gender male female MeanStd. ErrorLower BoundUpper Bound 95% Confidence Interval
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[image: image22.emf]Tests of Within-Subjects Effects
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Tests of Within-Subjects Effects Measure: MEASURE_1 12886.520112886.520610.815.000 12886.5201.00012886.520610.815.000 12886.5201.00012886.520610.815.000 12886.5201.00012886.520610.815.000 15281.082115281.082724.316.000 15281.0821.00015281.082724.316.000 15281.0821.00015281.082724.316.000 15281.0821.00015281.082724.316.000 632.9183021.097 632.91830.00021.097 632.91830.00021.097 632.91830.00021.097 Sphericity Assumed Greenhouse-Geisser Huynh-Feldt Lower-bound Sphericity Assumed Greenhouse-Geisser Huynh-Feldt Lower-bound Sphericity Assumed Greenhouse-Geisser Huynh-Feldt Lower-bound Source volume volume * Gender Error(volume) Type III Sum of SquaresdfMean SquareFSig.

[image: image23.emf]Tests of Between-Subjects Effects


Measure: MEASURE_1
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Tests of Between-Subjects Effects Measure: MEASURE_1 Transformed Variable: Average 557669.1181557669.1189876.762.000 14287.555114287.555253.044.000 1693.8823056.463 Source Intercept Gender ErrorType III Sum of SquaresdfMean SquareFSig.
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