Okun

PSY 230

STUDY GUIDE # 12

1-Way Analysis of Variance: Tests of Hypotheses of the 

Equality of Three or More Population Means

I.
The 1-Way Analysis of Variance (ANOVA)

Suppose a researcher is interested in whether expectations of task difficulty have an effect on problem solving performance.  To study expectations, the researcher manipulates the information that 12 participants are given about the anagrams that they are going to attempt to solve.  Four participants are told that the anagrams will be very easy, four participants are told that the anagrams will be of medium difficulty, and four participants are told that the anagrams will be very difficult.   In actuality, all participants are given the same 12 medium-difficulty 
anagrams to solve.

1.  What is the limitation of using t-tests when a researcher is interested in testing hypotheses about 3 or more population means? What is the goal of 1-way ANOVA?  What does the phrase “1-way” convey? 

2. What is the key to the 1-way ANOVA?

3.  What do the concepts—total variability, within group variability, and between-group variability refer to?


Total variability refers to the deviation of individual scores from the total mean—the mean based on all scores ignoring group membership.  A total deviation score can be defined as Xi-MT.

Within group variability refers to the deviation of scores within each group from the mean of the group to which they belong.  A within group deviation score can be defined as Xi-MG.
Between group variability refers to the deviation of each group mean from the total mean.  A between group deviation score can be defined as MG-MT.
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Marital Satisfaction Ratings by Age Group

Scenario #1: 
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4. How can the three sums of squares (SS) that are related to the ANOVA be defined?  

SST reflects the sum of the squared differences between the scores of all participants and the total mean, based on all participants.

SSW reflects the sum of the squared differences between the scores of participants within each group and the mean of the group to which they belong.

SSB reflects the sum of the squared differences between each group mean and the total mean, based on all participants.

5.
How can the three sums of squares that are related to the ANOVA be computed?

      What is the relation among the three sums of squares?

The formula for SST is:  ((Xi - MT)2
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            SST = 146

 MT = 72/12 = 6





The formula for SSW with three groups is:  SSW = SSg1 + SSg2 + SSg3.

((Xi – MG1)2 + ((Xi – MG2)2 + ((Xi – MG3)2
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_____________________________________________________________

SSW =                       26                  +
          10                     +                 6   =   42  

The formula for SSB with three groups is: 

(G1(MG1-MT)2 + G2(MG2-MT)2  + G3(MG3-XT)2
If the ns are equal in each group, then this formula equals: 

SSB = NG[(MG1 - MT)2 + (MG2 - MT)2 + (MG3 - MT)2]

SSB = 4[(3-6)2 + (10-6)2 + (5-6)2]

SSB = 4[(-3)2 + (4)2 + (-1)2]

SSB = 4[9 + 16 + 1]

SSB = 4[26] = 104 

SST = SSW  + SSB
146 = 42 + 104 
6.
What is the relation between a sum of squares and a variance?  What is another name for the variance?

The total variance (ST2) = SST/nT-1.  

When we compute SST around the sample mean, nT-1 scores are free to vary.  Thus the degrees of freedom for the total set of scores (dfT) equals nT–1

ST2 = SST/dfT.  

Thus, another name for a variance is a mean square (MS).

For our example, ST2 = MST = SST/dfT  = SST/nT–1 = 146/11 = 13.27.

7.     
How can SSW and SSB  be converted to MS W and MSB?

MSW = SSW/dfW
dfW = NT – G 

where NT = total number of participants in the study and G = number of Groups

For the anagram data, SSW  = 42 and dfW  = 12-3 = 9

MSW = 42/9 = 4.67.  

MSB = SSB/dfB
dfB = G-1

For the anagram data, SSB = 104 and dfB = 3-1 = 2

MSB = 104/2 = 52

Notice that the dfT =dfW + dfB

11=9+2

8.
What are the assumptions of the 1-way ANOVA?

9.
What null hypothesis is tested when a 1-way ANOVA is carried out on three groups?  Is the number of population means specified in a null hypothesis in the 1-way ANOVA a constant?   

For three population means, Ho: µg1 = µg2 = µg3

10.  Which test statistic is used with the 1-way ANOVA?

11. What information is needed to determine the critical value of the F test?

12.  How can the critical value be obtained that will be used to ascertain whether the null hypothesis should be retained or rejected?

The critical value is obtained by using the tabled values of F. To enter this table you must use the dfB and the dfW and know the a priori specified value of alpha.  The degrees of freedom between groups are listed as columns and the degrees of freedom within groups are listed as rows.

13.  What does the F ratio consist of?

F= MSB/MSW = 52/4.67 = 11.13.

Conclusion: Task expectations has a significant effect on anagram performance, F (2,9) = 11.13, p < .05.

14.  How can we assemble all of the information into a Source Table to determine the value of the F test?

Source Table for a 1-way ANOVA of Anagram Solution Data

Source of 
SS

df

MS

F

Variance







SS/df

MSB/MSW
_____________________________________________________ 

Between
104 

 2

52

11.13

Within

  42

 9

  4.67






_____________________________________________________

Total

146

11

13.27

SSB + SSW = SST
dfB + dfW = dfT
15. How can we complete a partial source table for a 1-way ANOVA?  

16.  Given a verbal statement with some information about a 1-way ANOVA, how can we derive additional information about the study?


Suppose I conduct an experiment to examine whether learning a new motor skill is influenced by the presence of an audience.   A sample is drawn of 9 boys and 9 girls.  Three girls and three boys are randomly assigned to 1 of 3 conditions (no audience, audience size = 2 people, or audience size = 4 people.  Subjects perform trials on a novel motor skill task until they reach a pre-established performance criterion.  The number of trials it takes to reach the performance criterion is the dependent variable.   
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SSB = ng[(Mg1 - MT)2 + (Mg2 - MT)2 + (Mg3 - MT)2]

SSB = 6[(9 - 12)2 + (12 - 12)2 + (15 - 12)2]

SSB = 6[(-3)2 + (0)2 + (32]

SSB = 6[9 + 0 + 9]

SSB = 6[18] 

SSB = 108  

SSW = SSg1 + SSg2 + SSg3.

SSW = ((Xi - Mg1)2 + ( (Xi - Mg2)2 +( (Xi -Mg3)2  

SSW = (10-9)2
(15-12)2
(24-15)2
      
  (9-9)2
(17-12)2
(21-15)2

 (11-9)2
(19-12)2
(18-15)2

 (8-9)2

(6-12)2
(9-15)2


 (8-9)2

(7-12)2
(10-15)2

 (8-9)2

(8-12)2
(8-15)2

      _____________________________

SSW =   8   +
             160        +     236       = 404  

Source Table for a 1-way ANOVA of Audience Data

Source of 
SS

df

MS

F

Variance




SS/df

MSB/MSW
_____________________________________________________ 

Between
108

 2

54

2.01

Within

404

15

26.93

___





________________________________________________________

Total

512

17

  ___

___
_____________________________________________________

17.
What contributes to within-group variation and what contributes to between-group variation?

Within-Group variation reflects individual differences among participants.

Between-Group variation reflects individual differences among participants and the effect of the independent variable.

II.   Following Up a Significant F Ratio
18.  When should a researcher follow up a 1-way ANOVA with a post hoc comparison?   Which procedure can be used on a post hoc basis to compare pairs of group means?

19.  How can the protected t test procedure be used to determine which pairs of group means are significantly different from each other when nSPG (number of subjects per group) is the same for all groups?



                                                  Difference Between 2 Group Means

t-Protected t-test = 


             ________________________________

                                                                                     _________





(2(MSw)/nSPG
Step 1: Determine the denominator of the Protected t test.

                                        

    _________



Denominator =
(2(MSw)/nSPG
For Anagram study, MSW = 4.67 and nSPG = 4.  
    

                                    _______

So the denominator = 

(2(4.67)/4 =1.53

Step 2: Determine the numerators of the Protected t tests.

A) Mean for Group 2 (MD) - Mean for Group 1 (VE): 10 - 3 = 7

B) Mean for Group 3 (VD) - Mean for Group 1 (VE): 5 - 3 = 2

C) Mean for Group 3 (VD) - Mean for Group 2 (MD): 5 - 10 = -5

Step 3: Compute the Protected t test values for the pairwise comparisons.

A) Protected t test for MD versus VE comparison = 7/1.53 = 4.58

B) Protected t test for VD versus VE comparison = 2/1.53 = 1.31

C) Protected t test for VD versus MD comparison = -5/1.53 = -3.27

Step 4: Determine the Critical Value with alpha = .05 and 

df = dfW = NT-G by entering the critical values of t table.

df = 12-3=9 

In our example, the CV = ±2.2621

Step 5: If the protected t test value equals or exceeds the absolute value of the CV, the difference between the two means is significant at alpha = .05.

Thus, there are two significant comparisons: MD group solved significantly more anagrams than VE group; and MD group solved significantly more anagrams than VD group.

20.  How can we estimate the proportion of variance in the scores on the dependent variable that is accounted for by the independent variable?

eta squared ((2)= SSB/SST
From Page 7 of the Handout: SSB = 104 and SST = 146

 (2 = 104/146 = .71

(2 tells us the proportion of variance in the scores on the dependent variable that is explained by the independent variable.

Suppose we have 3 groups and 3 subjects per group.  Furthermore suppose the 9 scores on the dependent variable are: 2,2,2,4,4,4,6,6, and 6.

SCENARIO A:

Group 1: scores are 2, 4, and 6

Group 2: scores are 2, 4, and 6
Group 3: scores are 2, 4, and 6.

SCENARIO B:

Group 1: scores are 2, 2, and 2
Group 2: scores are 4, 4, and 4

Group 3: scores are 6, 6, and 6.
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21.  How can the information from the F test, the protected t test procedure, and (2 be used to make a summary statement?  

22. In the case of two independent samples, what is the relation between t and F?

F = t2; If t = ±3, F = 9

         __                            ___
t = ±(F;   If F = 25, t = ±(25  = ±5.

[image: image3.jpg]518 Appendix

TABLE 6 Critical Values for F
R ——— R EEEEEEEEE————
df for Numerator

df* y 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
.001 47.181 37.122 33.202 31.085 29.752
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 4.737 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 5.318 4.459 4.066 3.838 3.687
.01 11.259 8.649 7.591 7.006 6.632
.001 25.415 18.494 15.829 14.392 13.485
9 .05 5.117 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 19.687 13.812 11.561 10.346 9.578
12 .05 4.747 3.885 3.490 3.259 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 3.411 3179 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 2.958
.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 5.417 4.893 4.556
.001 16.587 11.339 9.335 8.253 7.567

*For denominator.
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TABLE 6 Continued
df for Numerator

df p 1 2 3 4 5
16 .05 4.494 3.634 3.239 3.007 2.852
.01 8.531 6.226 5.292 4773 4.437
.001 16.120 10.971 9.006 7.944 7.272
1174 .05 4451 3.592 3.197 2.965 2.810
01 8.400 6.112 5.185 4.669 4.336
.001 15.722 10.658 8.727 7.683 7.022
18 .05 4414 3.555 3.160 2.928 2.773
.01 8.285 6.013 5.092 4579 4.248
.001 15.379 10.390 8.487 7.459 6.808
19 .05 4.381 3.522 3.127 2.895 2.740
.01 8.185 5.926 5.010 4.500 4171
.001 15.081 10.157 8.280 7.265 6.622
20 .05 4.351 3.493 3.098 2.866 2.711
.01 8.096 5.849 4938 4.431 4.103
.001 14.819 9.953 8.098 - 7.096 6.461
21 .05 4.325 3.467 3.072 2.840 2.685
.01 8.017 5.780 4.874 4.369 4.042
.001 14.587 9.772 7.938 6.947 6.318
22 .05 4.301 3.443 3.049 2.817 2.661
.01 7.945 5.719 4.817 4313 3.988
.001 14.380 9.612 7.796 6.814 6.191
23 .05 4.279 3.422 3.028 2.796 2.640
.01 7.881 5.664 4.765 4.264 3.939
.001 14.195 9.469 7.669 6.696 6.078
24 05 4.260 3.403 3.009 2.776 2.621
.01 7.823 5.614 4718 4.218 3.895
.001 14.028 9.339 7.554 6.589 5.977
25 .05 4.242 3.385 2.991 2.759 2.603
.01 7.770 5.568 4.675 4.177 3.855
.001 13.877 9.223 7.451 6.493 5.885
26 .05 4.225 3.369 2.975 2.743 2.587
.01 7.721 5.526 4.637 4.140 3.818
.001 13.739 9.116 7.357 -6.406 5.802
27 .05 4.210 3.354 2.960 2.728 2.572
.01 7.677 5.488 4.601 4.106 3.785
.001 13.613 9.019 7.272 6.326 5.726
28 .05 4.196 3.340 2.947 2.714 2.558
.01 7.636 5.453 4.568 4.074 3.754
.001 13.498 8.931 7.193 6.253 5.656
29 .05 4.183 3.328 2.934 2.701 2.545
.01 7.598 5.420 4,538 4.045 3.725
.001 13.391 8.849 7121 6.186 5.593
30 .05 4171 3.316 2922 2.690 2.534
.01 7.562 5.390 4510 4.018 3.699
.001 13.293 8.773 7.054 6.125 5.534

*For denominator.
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Critical values of ¢

Level of significance for two tailed test

df 20 10 05 02 .01 001
1 3.078 6.314 12.706 31.821 63.657 636.619
2 1.886 2.920 4.303 6.965 9.925 31.598
3 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 2.571 3.365 4.032 6.859
6 1.440 1.943 2.447 3.143 3.7207 5.959
7 1.415 1.895 2.365 2.998 3.449 5.405
8 1.397 1.860 2.306 2.896 3.355 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 2,977 4.140
15 1.341 1.753 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 2.8601 3.883
20 1.325 1.725 2.086 2.528 2.845 3.850
21 1.323 1.721 2.080 2,518 2.831 3.819
22 1.321 1.717 2.074 2.508 2.819 3.792
23 1.319 1.714 2.069 2.500 2.807 3.767
24 1.318 1.711 2.064 2.492 2.797 3.745
25 1316 1.708 2.060 2.485 2.787 3.725
26 1.315 1.706 2.056 2.479 2.779 3.707
27 1.314 1.703 2.052 2.473 771 3.690
28 1.313 1.701 2.048 2.407 2.763 3.674
29 1.311 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 1.084 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 3.373
s 1.282 1.645 1.960 2.326 2.576 3.291

Source: Taken from Table W of R- A Fisher and F Yates, Statestieal tables Jor biological. agricultural and

medical research, oih ed (Edinburgh: Oliver and Boyd 1963). Reproduced by permission of the authors and

publishers
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