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Two-Way ANOVA

I.
The Two-Way ANOVA
1.
When is it appropriate to use a 2-way ANOVA?

Layout for 1-Way ANOVA on Motor Learning as a Function of Audience Size
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Source Table for a 1-way ANOVA of Audience Data

Source of 
SS

df

MS

F

Variance

_____________________________________________________ 

Between
108

 2

54

2.01

Within

404

15

26.93







Total

512

17

  

_____________________________________________________

DFB = G-1 or 3-1 = 2

DFW = NT-G or 18-3 = 15

DFT = NT-1 or 18-1 = 17


In a two-way ANOVA, we examine the effects of  2 independent variables on the dependent variable.  


2.  How is the design created for a 2-way ANOVA with independent samples?


Suppose the researcher wanted to reanalyze the data on motor learning in a 2-way ANOVA in which the independent variables are Audience Size and Sex. 
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In a 2-way ANOVA the design is formed by crossing each condition of the first independent variable with each condition of the second independent variable.  In our example, we end up with six combinations.


3.
In a 2-way ANOVA, what are the independent variables called?  What are the 

different conditions that make up each independent variable called?  What 
shorthand

is used to convey the research design?


In ANOVA, we refer to the independent variables as factors.  Thus in the study of motor learning, the factors would be Audience Size and Sex.  The various conditions associated with each factor are referred to as levels of the factor.  So, for the Audience Size factor, the levels are 0, 1, and 2.  And, for the Sex factor, the levels are girls and boys.
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4.   What are the advantages of the 2-way ANOVA over the 1-way ANOVA?


5.  What types of effects are of interest in a 2-way ANOVA?  Which types of means go  
with each type of effect?

Various Types of Means for 2-Way ANOVA
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In a 2-way ANOVA, there are three effects of interest.  


One effect of interest is the effect due to Factor C  (Audience Size).  Here we want to know, ignoring sex, whether audience size has an effect on trials to criterion.  The means that are relevant to the effect of Factor C are the column means (9, 12, and 15).  


A second effect of interest is the effect due to Factor R  (Sex).  Here, we want to know, ignoring audience size, whether sex has an effect on trials to criterion.  The means that are relevant to the effect of Factor R are the row means  (16 and 8).  


The third effect of interest is less obvious.  In the 2-way ANOVA, it is possible to assess whether Factor C and Factor R interact to jointly influence trials to criterion.  What do we mean by the concept of an interaction?  If the two factors interact, then the effect of Factor C on the dependent variable is said to vary across the levels of Factor R.   Alternatively, if the two factors interact, then the effect of Factor R is said to vary across the levels of Factor C.  The means that are relevant to the Factor C by Factor R interaction effect are the cell means.

6.
What are the sources of variability in a two-way ANOVA?   
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Overview of Computational Procedures

1. Computing the following Sums of Squares (SS)

A. Compute SSW
B. Compute SSB
C. Obtain SST as follows: SST = SSW + SSB
D. Compute SSC
E. Compute SSR
F. Obtain SSCxR as follows: SSCxR = SSB – [SSC + SSR]

2. Compute Mean Squares for A, D, E, and F above by dividing each sums of squares by the  appropriate number of degrees of freedom 

3. Compute F ratios for D, E, and F above by dividing each mean square by MSW 

7.
What null hypotheses are tested in a 2-way ANOVA?  

(1)   Is there an effect due to Audience Size (Factor C)?  µ0 = µ2 = µ4.

(2)   Is there an effect due to Sex (Factor R)?  µG = µB.  

(3)   Is there an interaction effect due to Audience Size and Sex (Factor C x Factor R)?

µg/0 - µb/0 = µg/2 - µb/2 = µg/4 - µb/4
These three null hypotheses are independent.  This means that it is possible to get any possible combination of significant and non-significant results when testing these three null hypotheses.

8.  
How can the dfs (degrees of freedom) be generated for each source of variability in a 


two-way ANOVA?
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Degrees of Freedom for 2-Way ANOVA for Trials to Criterion (N = 18)
________________________________________________________________

Source




df formula


df



________________________________________________________________

Total




NT - 1



18-1 = 17

Within



NT-G



18-6 = 12



Between


G-1



6-1 = 5




Factor C

LFC-1



3-1 = 2



 

(Audience Size)

  

Factor R

LFR-1



2-1 = 1





 

(Sex)

  

CxR Interaction
(dfC) (dfR)


(2) (1) = 2

________________________________________________________________



NT = Total number of participants.   

G = Number of groups (LFC x LFR) 

LFC = # of levels of Factor C 

LFR = # of levels of Factor R.

Note. 

DFT = DfB + DfW  [5 + 12] = 17

DFB = DfC + DfR + DfCxR  [2 + 1 + 2] = 5

9.
How are the critical values generated for each F test?


For each F test, we need to determine two degrees of freedom--the degrees of freedom associated with the effect and the degrees of freedom within.

For the Audience Size effect, the degrees of freedom associated with the F test  are 2 and 12.

For the Sex effect, the degrees of freedom associated with the F test 1 and 12.

For the interaction effect, the degrees of freedom associated with the F test are 2 and 12.

To obtain the critical values for these effects, we must use the Table of F values.  

If we set alpha at .01, the critical value for the Audience Size F test with 2 and 12 degrees of freedom equals 6.93.   

The critical value for the Sex F test with 1 and 12 degrees of freedom equals 9.33.  

The critical value for the Audience Size by Sex interaction effect F test with 2 and 12 degrees of freedom equals 6.93.
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Column Marginals


Total
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(X=54
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M=9

M=12

M=15

M=12

SSW = (SScells
SSW = 2 + 8 + 18 + 0 + 2 + 2 = 32

SSB = Ncell(Squared differences between each Mcell and Mtotal.

SSB = 3[(10-12)2 + (17-12)2 + (21-12)2 + (8-12)2 + (7-12)2 + (9-12)2]

SSB  = 3[4 + 25 + 81 + 16 + 25 + 9]

SSB =  3[160] = 480

SST = SSW  + SSB = 32 + 480 = 512  
SSC = The sum of ((Xcolumn)2 for each column/Ncolumn - ((Xtotal)2/Ntotal 

542 + 722 + 902    -  2162
SSC  =             _____________         ____

6 18

                       16,200               -   46656

SSC  =              _____ 
           ______   = 2700-2592 = 108
                                6                            18

SSR = The sum of ((Xrow)2 for each row/Nrow - ((Xtotal)2/Ntotal 

1442 + 722           -   2162
SSR  =             _____________         ____

                                9                            18

                       25,920               -   46656

SSR  =              _____ 
           ______   = 2880-2592 = 288

                                9                            18

SSCxR = SSB – [SSC + SSR] = 480 – [108 + 288] = 480-396 = 84
Summary Table for 2-Way ANOVA for Trials to Criterion
______________________________________________________

Source




SS

______________________________________________________

Between


480






Factor C

108







 

(Audience Size)

  

Factor R

288







 

(Sex)

  

C x R Interaction
  84






Within



  32





Total




512

_______________________________________________________

10.
Which four mean squares are needed to test the null hypotheses in a two-way ANOVA?

11.
How are the 3 F ratios generated in a two-way ANOVA?

12.
How can we draw conclusions regarding the null hypotheses?

Summary Table for 2-Way ANOVA for Trials to Criterion
______________________________________________________________________

Source




SS
df
MS

F

______________________________________________________________________

Between


480
  5







Factor C

108
  2
108/2=54
54/2.67=20.20





 

(Audience Size)

  

Factor R

288
  1
288/1=288
288/2.67=107.87




 

(Sex)

  

C x R Interaction
  84
   2
84/2=42
42/2.67=15.73



Within



  32
 12
32/12=2.67




Total




512
 17

________________________________________________________________________

MSC = SSC / DFC
MSR = SSR / DFR

MSCxR = SSCxR / DFCxR

and

MSW = SSW / DFW

F for Factor C = MSC / MSW 

F for Factor R = MSR / MSW
F for the CxR interaction = MSCxR / MSW
Critical Value for test of the effect of Audience Size (2, 12) ( = .01 = 6.93.

Critical Value for test of the effect of Sex (1, 12) ( = .01 = 9.33.

Critical Value for test of the interaction effect of Audience Size by Sex (2, 12) ( = .01 = 6.93.

13.
Given the sums of squares, be able to complete a source table for a 2-way ANOVA.


Suppose a researcher conducts a study in which she is interested in the effects of Type of Social Support (Tangible, Emotional, or Appraisal) and Ethnicity (African-American, Anglo, or Hispanic) on anxiety about having a baby among unmarried, pregnant adolescent females.   There are 6 subjects in each cell.

Summary Table for Type of Social Support by Ethnicity ANOVA
____________________________________________________________________

Source


SS
df
MS

F

CV

____________________________________________________________________

Between



 
TSS

  24








ETH

    8








TSS x ETH
    8







Within

Total


130

_____________________________________________________________________

Typical statement appearing in the Results section of a journal article: “The effect of Type of Social Support on anxiety about having a baby was significant, F (2,45) = 6, p < .05.”

III.
Follow Up Procedures  in the Two-Way ANOVA 

14.
What should a researcher do to follow up significant F tests in a two-way ANOVA? [see P. 7 of the Handout for the means.]


If the effect of Factor C is significant,


A.
Locate the column means (MC1 = 9, MC2 = 12, and MC3 = 15)


B.
Compute (2 (SSC/SST) 


C.
If the number of column means > 2, use the protected t-test to compare them.



The n in the denominator of the protected t-test = ncolumn = 6.


If the effect of Factor R is significant,


A.
Locate the row means (MR1 = 16 and MR2 = 8)


B.
Compute (2 (SSR/SST)



C.
If the number of row means > 2, use the protected t-test to compare them.



The n in the denominator of the protected t-test = nrow = 9.

If the interaction effect is significant,

A. Graph the cell means.  Draw one line connecting the cell means for MC1R1 (10), MC2R1  (17), and MC3R1 (21) and draw a second line connecting the cell means for 

MC1R2 (8), MC2R2 (7), and MC3R2 (9).


B.
Compute (2 (SSCxR/SST)


C.  
Use the protected t-test to compare appropriate pairs of cell means.

For example, we could compare (a) MC1R1 (10) with MC1R2 (8); (b) MC2R1 (17) with MC2R2 (7); and (c) MC3R1 (21) with MC3R2  (9).  These comparisons would focus on sex differences with (a) no audience; (b) an audience of 2; and (c) an audience of 4.



The n in the denominator of the protected t-test = ncell = 3.

15.
How can you determine from a graph of the cell means whether an interaction effect is likely to be present?  Why does a significant interaction effect have priority over significant effects due to Factor A and to Factor B?

[image: image3.jpg]mg

n

o
S

5
T

Q L]
E £
= =
15 15+
§ 1 S O ==-0==-0 Male
g 10 ~l g10
& & Female
—eo o
< 5 4‘ < 5
2, =
0 T T T 0 T T 4
Zero  Two Four Zero  Two  Four
Crowd Size Crowd Size

~ e (@

n
o

g g £ Male
= = &
=5 £ Male =15
-
O - =}
S10 -7 S10
@ O ===0 @
& Female 2
c 5 c 5
S 3 Female
=0 T T T =0 T T T
Zero Two  Four Zero  Two  Four
Crowd Size Crowd Size

FIG. 23.3
Some possible outcomes (two-way experiment).
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df 20 10 0s 02 01 001
1 3.078 6.314 12.700 31.821 03.057 036.619
2 1.886 2.920 4.303 0.965 9,925 31.598
g 1.638 2.353 3.182 4.541 5.841 12.941
4 1.533 2.132 2.776 3.747 4.604 8.610
5 1.476 2.015 FAYd 3.365 4.032 6.859
6 1.440 1.943 2.447 3.143 3.707 5959
Z 1.415 1.895 2.365 2.998 3.449 5.405
8 1.397 1.860 2.306 2.896 3355 5.041
9 1.383 1.833 2.262 2.821 3.250 4.781
10 1.372 1.812 2.228 2.764 3.169 4.587
11 1.363 1.796 2.201 2.718 3.106 4.437
12 1.356 1.782 2.179 2.681 3.055 4.318
13 1.350 1.771 2.160 2.650 3.012 4.221
14 1.345 1.761 2.145 2.624 2977 4.140
15 1.341 1753 2.131 2.602 2.947 4.073
16 1.337 1.746 2.120 2.583 2:921 4.015
17 1.333 1.740 2.110 2.567 2.898 3.965
18 1.330 1.734 2.101 2:552 2.878 3.922
19 1.328 1.729 2.093 2:539 2.861 3.883
20 1.325 1.725 2.086 2.528 2.845 3.850
1 1.323 L7221 2.080 2.518 2.831 3.819
22 1321 1717 2.074 2.508 2.819 3792
23 1:319 1.714 2.069 2.500 2.807 3.767
24 1.318 1.711 2.064 2.492 2.792 3.745
25 1.316 1.708 2.060 2.485 2.787 .02
26 1315 1.706 2.056 2.479 2.779 3.707
27 1.314 1.703 2.052 2.473 2.771 3.690
28 131 1.701 2.048 2.467 2.763 3.674
29 1311 1.699 2.045 2.462 2.756 3.659
30 1.310 1.697 2.042 2.457 2.750 3.646
40 1.303 1.684 2.021 2423 2.704 3.551
60 1.296 1.671 2.000 2.390 2.660 3.460
120 1.289 1.658 1.980 2.358 2.617 3373
kg 1.282 1.645 1.960 2.326 2.576 3.291

Source: Taken from Table 111 of R A. Fisher and F. Yates. Statistical tables for biological. agricultural and

medical research, 6th ed. (

publishers.

Edinburgh: Oliver and Bovd, 1963). Reproduced by permission of the authors and
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df* p 1 2 3 4 5
1 .05 161.447 199.500 215.707 224.583 230.162
.01 4052.176 4999.492 5403.344 5624.574 5763.641
2 .05 18.513 19.000 19.164 19.247 19.296
.01 98.502 99.000 99.166 99.249 99.299
.001 998.500 999.000 999.166 999.250 999.299
3 .05 10.128 9.552 9.277 9.117 9.013
.01 34.116 30.816 29.457 28.710 28.237
.001 167.029 148.500 141.108 137.100 134.580
4 .05 7.709 6.944 6.591 6.388 6.256
.01 21.198 18.000 16.694 15.977 15.522
_ .001 74.137 61.246 56.177 53.436 51.712
.\;&{\ 5 .05 6.608 5.786 5.409 5.192 5.056
.\ \ .01 16.258 13.274 12.060 11.392 10.967
\I\\ Q;) .001 47.181 37.122 33.202 31.085 29.752
Cj 6 .05 5.987 5.143 - 4.757 4.534 4.387
.01 13.745 10.925 9.780 9.148 8.746
.001 35.507 27.000 23.703 21.924 20.803
7 .05 5.591 4737 4.347 4.120 3.972
.01 12.246 9.547 8.451 7.847 7.460
.001 29.245 21.689 18.772 17.198 16.206
8 .05 5318 4.459 4.066 3.838 3.687
.01 11.259 8.649 7.591 7.006 6.632
.001 25415 18.494 15.829 14.392 13.485
9 .05 5117 4.256 3.863 3.633 3.482
.01 10.561 8.022 6.992 6.422 6.057
.001 22.857 16.387 13.902 12.560 11.714
10 .05 4.965 4.103 3.708 3.478 3.326
.01 10.044 7.559 6.552 5.994 5.636
.001 21.040 14.905 12.553 11.283 10.481
11 .05 4.844 3.982 3.587 3.357 3.204
.01 9.646 7.206 6.217 5.668 5.316
.001 19.087 13.812 11.561 ~ 10.346 9.578
12 .05 4747 3.885 3.490 e13.259 3.106
.01 9.330 6.927 5.953 5412 5.064
.001 18.643 12.974 10.804 —9.633 8.892
13 .05 4.667 3.806 3411 3.179 3.025
.01 9.074 6.701 5.739 5.205 4.862
.001 17.815 12.313 10.209 9.073 8.354
14 .05 4.600 3.739 3.344 3.112 2958
.01 8.862 6.515 5.564 5.035 4.695
.001 17.143 11.779 9.729 8.622 7.922
15 .05 4.543 3.682 3.287 3.056 2.901
.01 8.683 6.359 5417 4.893 4.556
.001 16.587 11.339 9.335 8.253 7.567

*For denominator.
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