STA 3024 – Extra Problems - 1-Way ANOVA & RBD

· Four models of lacrosse helmets were compared. Measurements of Gadd severity index were made on each of 10 hits per helmet. Test whether helmet means are significantly different at =0.05 significance level. Use Bonferroni’s method to make all pairwise comparisons with an overall (experimentwise) error rate of 0.05. Higher scores mean higher impact.
Brand
Mean
SD
Sample Size

Sports Helmets Cascade
1166.1
152.40
10

Sports Helmets Cascade Air Fit
1117.6
216.23
10

Sports Helmets Ultralite
857.0
151.54
10

Bacharach Ultralite
1222.8
123.08
10

   SSG=784747.5   dfG=3    MSG=261582.5

   SSE=972848.1    dfE=36     MSE=27023.56

    Fobs=9.68   Rejection Region:  Fobs ( F.05,3,37 = 2.88 (appox)
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· A drawing training procedure’s effect  is  to compared with that of a sham (nonsensical) method and a placebo control (no training). A sample of 53 subjects were obtained, each drawing a picture prior to “training”. 19 subjects received the training method of interest (Edwards’ method), 18 received the sham treatment, and 16 received the placebo treatment (no training). Drawings were obtained after the training, and difference scores obtained for each subject (post training-pre training). Complete the following ANOVA table and test whether the mean change scores differ among the three conditions (=0.05). 

ANOVA
 
 
 
 

Source
df
SS
MS
F

Groups
2
291.8027
145.90
14.78

Error
50
493.3881
9.87
 

Total
52
785.1908
 
 

(Answers in bold) 

Rejection Region:  Fobs ( F.05,2,50 = 3.183

                         The means for the 3 conditions were 7.02, 7.90, and 2.40 respectively. Use Bonferroni’s method to compare all pairs of conditions.
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· Four diet plans were compared in terms of mean weight losses. Any patients who did not complete the year without giving up on the diet were assigned weight losses of 0. A total of 160 subjects were selected, and randomly assigned to diets so that 40 received each diet. Means and standard deviations are given below. Test whether the there are any differences between diet effects (=0.05). The means below include all 40 patients per treatment (with 0s for dropouts)

Atkins:  Mean=4.6   SD=10.1   21 of 40 completed

Zone:    Mean=7.0   SD=13.2   26 of 40 completed

Weight Watchers:  Mean=6.6    SD=10.8    26 of 40 completed

Ornish (vegetarian):  Mean=7.3    SD=16.1   20 of 40 completed

Fobs = 0.36     Do not conclude differences exist   F.05,3,156 ( 2.663

          Give the mean weight losses among those completing the 4 diets.

Atkins:   40(4.6)/21 = 8.76

Zone:     40(7.0)/26 = 10.77

WW:    40(6.6)/26 = 10.15

Ornish:  40(7.3)/20 = 14.6 

· The following data represent the prize money won at the Daytona 500 in 2000 by car make (Chevy, Ford, and Pontiac). Treating this race as one realization of the many races that could have occurred, test whether the car makes differ in performance. Prize winnings are clearly not normally distributed, so use the appropriate nonparametric test.

90100
Chev  (7)

82750
Ford  (1)

88875
Pont (4)

90300
Chev  (8)

83200
Ford (2)

89625
Pont (6)

91650
Chev  (9)

84550
Ford (3)

108175
Pont(25)

92075
Chev (10)

89325
Ford (5)

113725
Pont(27)

93450
Chev (13)

92100
Ford(11)

118875
Pont(29)

98275
Chev(15)

93000
Ford(12)

119975
Pont(31)

99275
Chev (18)

94225
Ford(14)

143975
Pont(34)

104325
Chev (21)

98475
Ford(16)

166775
Pont(35)

106100
Chev (23)

99225
Ford(17)

228275
Pont(38)

107775
Chev (24)

99725
Ford(19)




112225
Chev (26)

102825
Ford(20)




116075
Chev (28)

105375
Ford(22)




120025
Chev(32)

119475
Ford(30)




198625
Chev (37)

129075
Ford(33)







182875
Ford(36)







326175
Ford(39)







420775
Ford(40)







528475
Ford(41)







840825
Ford(42)







2277975
Ford(43)




RC = 7+8+9+…+32+37 = 271   nC = 14

RF = 1+2+3+…+42+43 = 446   nF = 20

RP = 4+6+25+…+35+38 = 229  nP = 9     N=43
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· The fog index measures the reading difficulty based on the average number of words pe sentence and percent of words with 3 or more syllables. High values of the fog index are associated with difficult reading levels. Independent random samples of six ads were taken from 3 magazines. Test for “magazine effects” based on the F-test, use Bonferroni’s method to compare all pairs of magazines, and conduct the Kruskal-Wallis test.

Scientific American:  11.16, 9.23, 15.75, 8.20, 9.92, 11.55

Fortune :  12.63, 9.42, 9.87, 11.46, 10.77, 9.93

New Yorker:  8.15, 6.37, 8.28, 6.37, 5.66, 9.27

SSG=48.53      dfG=2      MSG=24.27

SSE=52.21       dfE=15       MSE=3.48

Fobs = 6.97    F.05,2,15=3.68
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Ranks:

SA: 14,7,18,5,11,16     RS=71    nS = 6

F:   17,9,10,15,13,12    RF = 76   nF = 6

NY:  4,2.5,6,2.5,1,8    RN =24     nN = 6      N=18
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· Four doses of caffeine (0,5,9,13 mg) were given to 9 well-trained athletes, and their endurance times were obtained on each dose. Partial results are given below. Obtain the ANOVA table and test whether the effects differ among the doses (=0.05) and use Bonferroni’s method to compare all pairs of doses. Why is this an example of a Randomized Block Design as opposed to a Completely Randomized Design? 

Subject\Dose
0mg
5mg
9mg
13mg
Subj Mean
Subj Dev
Sqr Dev

1
36.05
42.47
51.50
37.55
41.89
-13.34
178.07

2
52.47
85.15
65.00
59.30
65.48
10.24
104.93

3
56.55
63.20
73.10
79.12
67.99
12.76
162.71

4
45.20
52.10
64.40
58.33
55.01
-0.23
0.05

5
35.25
66.20
57.45
70.54
57.36
2.12
4.51

6
66.38
73.25
76.49
69.47
71.40
16.16
261.17

7
40.57
44.50
40.55
46.48
43.03
-12.21
149.12

8
57.15
57.17
66.47
66.35
61.79
6.55
42.88

9
28.34
35.05
33.17
36.20
33.19
-22.05
486.06

Dose Mean
46.44
57.68
58.68
58.15
55.24

1389.50

Dose Dev
-8.80
2.44
3.44
2.91




Squared Dev
77.38
5.95
11.86
8.48
103.68



SST
7752.77
















Doses: SSG=9(103.68) = 933.12       dfG=3      MSG=311.04

Subjects:   SSB=4(1389.5) = 5558    dfB=8       MSB=694.75

Error:  SSE=7752.77-933.12-5558 = 1261.65    dfE=24     MSE=52.57

Test Statistic: Fobs = 311.04/52.57 = 5.92

Rejection Region: Fobs ( F.05,3,24 = 3.009
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· A study measured the amount of food eaten by 8 rats under 3 conditions of food depravation: 0 hours, 24 hours, and 72 hours. Use Friedman’s test to compare the distributions of food consumed under the 3 conditions:

Rat#
0 hours
24 hours
72 hours

1
3.5 (1)
5.9  (2)
13.9 (3)

2
3.7 (1)
8.1 (2)
12.6 (3)

3
1.6 (1)
8.1 (2.5)
8.1 (2.5)

4
2.5 (1)
8.6 (3)
6.8 (2)

5
2.8 (1)
8.1 (3)
4.2 (2)

6
2.0 (1)
5.9 (3)
4.2 (2)

7
5.9 (1)
9.5 (2)
14.5 (3)

8
2.5  (1)
7.9 (2.5)
7.9 (2.5)

R0 = 8     R24 = 20    R72 = 20  
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· A study involved a sample of 24 males who were assigned randomly to one of 4 conditions on computers in a computer lab: 0% of bookmarks pornographic websites, 10%, 50%, and 80%. After 90 minutes of “surfing the web”, attitude measures toward women were obtained. The mean and standard deviations for the Women as Managers scale (WAMS) were (there were 6 subjects per condition):

Trt
Mean
SD

0%
108.67
27.82

10%
107.50
15.04

50%
130.17
15.63

80%
131.17
11.97

Test whether the true mean WAMS scores differ by condition (=0.05)

SSG=3067.6      dfG=3    MSG=1022.53

SSE=6938.66     dfE=20    MSE=346.93

Fobs =2.95   F.05,3,20 = 3.098

· A study measured the effects of shelf space on product sales. One product studied was Coffeemate. A sample of 6 stores were selected, and within each store the amount of space allotted to Coffeemate was 1/3 of the combined space for it and its competitor for one week, ½ for one week, and 2/3 for one week. Thus, each store was observed under each condition. Mean sales (units, across stores) in the 1/3 condition was 61, in the ½  condition was 68.1667, and in the 2/3 condition was 73.6667. Complete the following ANOVA table and test for shelf space effects. Use Bonferroni’s method to compare all pairs of shelf space allotments.

Source of Variation
Degrees of freedom
Sum of squares

Shelf Space (Trts)



Store (Blocks)

8224

Error

69.4

Total



Overall mean=67.6111

SSG = 6( (61-67.6111)2 + (68.1667-67.6111)2 + (73.6667-67.6111)2 ) = 

     6(43.7068+0.3087+36.6703) = 80.69     dfG=2    MSG=40.35

SSE=69.4   dfE=10    MSE=6.94

Test Statistic: Fobs = 40.35/6.94 = 5.81    F.05,2,10 = 4.103
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