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1. (4 points) Explain why the alternative tests of the Welch and Brown Forsythe are used when you have heterogeneity of variance and unequal N. What do these tests do and what problem are they correcting for.

The Brown and Forsythe Test is a test for equal population variances. It is a robust test based on the absolute differences within each group from the group median. 

Welch's Test is an alternative test for the one factor analysis of variance F test. It is a test for equal population means to be used when we do not have equal population variances.  

Brown Foorsythe and welch test are used to find out significant difference among the means of more than two samples same as when the assumption of homogeneity of variance is void.


5.  If dfB = 4 and df W = 10, using a = 0.05, Fcrit = 3.48
[image: ]
6. Using the Fischer’s LSD test, if there are 16 df associated with MS within, and a = 0.05 and the number of groups = 3, the critical t we would use to calculate our critical difference is 
	a.  2.12		
7.  Using the Tukey test, if there are 16 df associated with MS within, and a = 0.05 and the number of groups = 3, Qcrit = ______.
c.  3.65			
8. Using the Neuman Keuls test, if there are 16 df associated with MS within, and a = 0.05 and the number of groups = 6, what would be our Qcrit to evaluate means that are four steps apart? 
	a.  4.05			
9. Using the Bonferroni t-test, if there are 16 df associated with MS within, and a = 0.05 and the number of comparisons we want to make is 5, the critical t we would use to calculate our critical difference is 
	a.  2.12		

 (4 points) 
Source                                  SS                      df                       MS                            F
Between Groups               203.333                   2                     101.667                       22.59
Within Groups                    54                        12                        4.5
10. Which of the numbers above represents the variability among the group means? 
203.33
11. Which of the above numbers is the numerator of the average variance within the groups? 
54
12. What is the critical F needed for significance given the situation above? From F-tables, Critcial F is 3.89
13. Assuming = cell frequencies, how many subjects in each group for the data above? 
Between groups, df = k-1, thus, k-1 =2, hence, k =3
Within groups, df = N-k, thus N-k =12, hence, N = 12+3 = 15
Thus, all subjects (N) = 15 
K = is the number of groups
Therefore,
Subjects per group = 15/3 = 5

14. (10 points) The means below are from a hypothetical study of the role of drive level and drugs on the learning performance of monkeys. The animals are given a series of 20 “oddity” problems. In this task, three objects (two of the same, one different). Are presented to the monkeys, and the subject’s task is to learn to select the non-duplicated or odd object. A food reward is placed in a food well underneath the correct object. A trial consists of the presentation of three objects and the monkey’s selection of one of them. The response measure Y is the number of errors in 20 trials of training. One of the independent variables Factor A consists of a Control and two Drug conditions, and the other variable Factor B is the drive level of animals, either 1 hour of food deprivation of 24 hours of food deprivation. Four moneys are randomly assigned to each treatment combination. The mean number of errors for each condition are presented below along with the results of the analysis of variance. Fill in the values for ω2   and  Cohen’s F in the table below

Source			SS		df		MS		F	ω2    Cohen’s F
Factor A(Drug)	112.00		2		56.00		3.06	.11       .41
Factor B (Motivation)	 24.00		1		24.00		1.31	.01       .11
A x B			144.00		2		72.00		3.93*	.17       .49
S/AB (error)		330.00		18		18.33

· 2e       = 0.00

· 2total = 2A + 2B  + 2AB + 2e  = 0.00


Main effect of Drug   = (a-1)(MSa-MSerror)/nab	  

ώ2drug=0.11

Main effect of motivation = (b-1)(MSb- MSerror )/nab

(1) ώ2motiv= 0.01

Drug x motiv interaction.    2AB  =(a-1)(b-1)(MSab- MSerror )/nab = 3.93



(1) ώ2drug x motiv= 0.0011

Cohen me drug = 0.41

Cohen me motiv = 0.11

Cohen d xmotiv = 0.49


	
	Omega squared
	Cohen’s F

	Main Effect of Drug
	0.11
	0.41

	Main Effect of Motivation
	0.01
	0.11

	Interaction
	3.93
	0.49



a) In the anova table the denominator of all F ratios is 18.33
b) In the anova table variance among the main effect means of drug is 56
c) In the anova table variance due to chance is 18.33
d) In the anova table is the variance among the six group means that remains after subtracting the variance due to the main effects is 3.93

The interaction is significant. For the significant interaction, test the simple effect of Drug at each level of Motivation (1 hour and  24 hrs)using the Tukey and the Fischer’s LSD and write out your conclusions separately for each test.

Control            Drug X            Drug Y
One Hour         3.00                 10.00               14.00
24 Hour           11.00               12.00               10.00
				
				
				8


Tukey 	Critical difference= 8		2		4

Fisher’s LSD critical difference = 10    6       8

What are the conclusions for the Tukey test? (Tell me which means are =, < or > each other)
 
What are the conclusions for the LSD test? (Tell me which means are =, < or > each other)

Tukey Pairwise Comparisons
Factor N Mean Grouping
Omega squared 3 1.35 A Cohens 3 0.337 A 
Conclusions: Means that do not share a letter are significantly different.

Problem 2 (20 point)
The effects of smoking on human performance was investigated using three tasks that differed in the level of cognitive processing that was required to perform them, with different participants serving in each task.
Pattern recognition task - participants had to locate a target on a screen
Cognitive task - participants were required to read a passage and then recall it at a later time
Driving simulation video game 
In each case the dependent variable was the number of errors that the participant committed.
Participants were further divided into three Smoking groups. 
Group AS was composed of people who actively smoked during or just before carrying out the task. 
Group DS participants were regular smokers who had not smoked for 3 hours before the task (D stands for delay). 
Group NS were nonsmokers.
Pattern Recognition
NS:  9   8   12   10   7   10   9   11   8   10   8   10   8   11   10
DS:   12   7   14   4   8   11   16   17   5   6   9   6   6   7   16
AS:   8   8   9   1   9   7   16   19   1   1   22   12   18   8   10
Cognitive Task
NS:   27   34   19   20   56   35   23   37   4   30   4   42   34   19  49
DS:  48   29   34   6   18   63   9   54   28   71   60   54   51   25  49
AS: 34  65   55   33   42   54   21   44   61   38   75   61   51   32  47   

Driving Simulation
NS:  15   2   2   14   5   0   16   14   9   17   15   9   3   15   13
DS: 7   0   6   0   12   17   1   11   4   4   3   5   16   5   11
AS:3   2   0   0   6   2   0   6   4   1   0   0   6   2   3

Compute a 3 (Smoking Group) x 3 (Task) ANOV A.
a) copy and paste the anova table output below and answer the following questions
	ANOVA
	

	Recall
	

	
	Sum of Squares
	df
	Mean Square
	F
	Sig.

	Between Groups
	2643.378
	2
	1321.689
	4.744
	.014

	Within Groups
	11700.400
	42
	278.581
	
	

	Total
	14343.778
	44
	
	
	



1. What number is the average variance in each group? 14343.778

2. What number is the denominator of each of the F ratios? 42

1. What number of df are used when looking up q values for doing Tukey tests 3

2. What number reflects the variance of the 9 cell means that remains after we subtract the variance due to the two main effects.12

4. What is omega squared for the main effect of Task? 0.64

5. What is omega squared for the main effect of Smoking Group? 0.07

1. What is omega squared for the interaction of Task x Smoking  Group? 0.14




Cohen ME task = 0.2

7. What is Cohen’s F for the main effect of Task?2.11

Cohen ME smoking grp = 0.99

8. What is Cohen’s F  for the main effect of Smoking Group? 0.23
Cohen Interaction = 0.12

9. What is Cohen’s F  for the interaction of Task x Smoking  Group?0.42

7. Copy and paste below the test for Homogeneity of variance from the output. Do you have homogeneity of variance?How do you know?
	
	Sum of Squares
	df
	Mean Square
	F
	Sig.

	Between Groups
	2643.378
	2
	1321.689
	4.744
	.014

	Within Groups
	11700.400
	42
	278.581
	
	

	Total
	14343.778
	44
	
	
	



8. If the main effect of Task is significant conduct subsequent Tukey tests and state what groups are different from each other. If no Tukey tests are needed than just state that.

No tukey tests required

9. If the main effect of Smoking Group is significant conduct subsequent Tukey tests and state what groups are different from each other. If no Tukey tests are needed than just state that.

No tukey tests required

10. If the interaction of Task and Smoking Group is significant conduct subsequent Tukey tests to investigate to examine the simple effects of smoking group separately at each type of task. That is investigate smoking group differences for the pattern recognition task, for the Cognitive Task and for the Driving Task.


Tukey =

For the Pattern Recognition task tell me which means are =, < or > each other)

NS=DS=AS
For the Cognitive task tell me which means are =, < or > each other.
 Task:AS =DS >NS
For the Driving  task tell me which means are =, < or > each other.
NS=DS=AS
For the Pattern Recognition task tell me which means are =, < or > each other)
NS>DS=AS
For the Cognitive task tell me which means are =, < or > each other.
NS=DS<AS
For the Driving  task tell me which means are =, < or > each other.
NS=DS>AS
10. Conclusions. (Be specific and be complete and use words).
The means of the three groups are significantly different 

Problem 3 (10 points)  A clinical psychologist is interested in evaluating the effectiveness of the following three techniques for treating mild depression:  cognitive restructuring, assertiveness training, and an exercise/nutrition program. Forty undergraduate students suffering from mild depression are randomly sampled from the university counseling center’s waiting list and randomly assigned 10 each to the three techniques previously mentioned and the remaining 10 to a placebo control group.  Treatment is conducted for 10 weeks, after which depression is measured using the Beck Depression Inventory. The post-treatment depression scores are given here.  Higher scores indicate greater depression. 


	Treatment

	Placebo
	Cognitive restructuring
	Assertiveness training
	Exercise/nutrition

	27
	10
	16
	26

	16
	8
	18
	24

	18
	14
	12
	17

	26
	16
	15
	23

	18
	18
	9
	25

	28
	8
	13
	22

	25
	12
	17
	16

	20
	14
	20
	15

	24
	9
	21
	18

	26
	7
	19
	23




Conduct a one-way anova and copy and paste the output below.

	ANOVA

	
	Sum of Squares
	df
	Mean Square
	F
	Sig.

	cognit
	Between Groups
	79.900
	7
	11.414
	.471
	.810

	
	Within Groups
	48.500
	2
	24.250
	
	

	
	Total
	128.400
	9
	
	
	

	assert
	Between Groups
	113.600
	7
	16.229
	2.597
	.306

	
	Within Groups
	12.500
	2
	6.250
	
	

	
	Total
	126.100
	9
	
	
	

	exercise
	Between Groups
	112.900
	7
	16.129
	1.008
	.582

	
	Within Groups
	32.000
	2
	16.000
	
	

	
	Total
	144.900
	9
	
	
	




Compute omega squared and Cohen’s F and list those below. 

Omega squared = 0.45

Cohen’s F = 0.07

Conduct subsequent tests using Tukey.
The statistic calculated for the Turkey HSD test [image: ]can be defined as,
[image: ],
where [image: ]=larger of the two means being compared
[image: ]=smaller of the two means being compared
[image: ] = mean sum of squares [image: ]number of subjects in each group.

Critical Difference for Tukey =
Step 1: Calculating the value of [image: ] :
Groups 1 and 2,
[image: ][image: ]
[image: ]
Groups 1 and 3
[image: ][image: ]
[image: ]
Groups 1 and 4
[image: ][image: ]
[image: ]
Groups 2 and 3
[image: ][image: ]
[image: ]
Groups 2 and 4
[image: ][image: ]
[image: ]
Groups 3 and 4
[image: ][image: ]
[image: ]
Step 2: Evaluate 
The next step is to compare the values with its relevant critical value [image: ]. To locate the appropriate critical value, the values of df, number of groups in the
[image: ]
experiment 	     and alpha level 0.05 should be known. The df are degrees of freedom are associated with [image: ]. In this experiment, , alpha , 

[image: ] is set at 
From the table, with , we obtain [image: ]., 
, 


Comparing the six values of , it is seen that the comparisons between the groups 1 and 2, between the groups 1 and 3, between the groups 2 and 3, between the groups 2 and 4, between the groups 3 and 4 are significant as in these five cases the value of [image: ]. However, the remaining comparison between the groups 1 and 4 are not significant, as the value of [image: ]. with 


Conclusions for Tukey
Thus, on the basis of Turkey HSD test, we may reject [image: ] for the groups consisting of the post-treatment depression scores of the techniques placebo and cognitive restructuring, groups consisting of the post-treatment depression scores of the techniques placebo and assertiveness training, groups consisting of the post-treatment depression scores of the techniques cognitive restructuring and assertiveness training, groups consisting of the post-treatment depression scores of the techniques cognitive restructuring and exercise/nutrition, groups consisting of the post-treatment depression scores of the techniques assertiveness training and exercise/nutrition. Here, group 2 and group 3 consisting of the post-treatment depression scores of the techniques cognitive restructuring and assertiveness training appears to be most effective conditions.
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We have dfs = 4, dfiv=10, and the significance level = 0.05
Then the critical value of F is 3.48
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