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Question 1 

The data that follow are observations collected from an experiment that was compared four treatments, A, 
B, C, and D, within each of three blocks, using a randomized complete block design. 

Treatment 
Block A B C D Total 
1 6 10 8 9 33 

2 4 9 5 7 25 


Total 22 34 27 30 113 

(a) 	Do the data present sufficient evidence to indicate differences among the treatment means? Test 
using a = 0.05 (10 marks) 

(b) Do the data present sufficient evidence to indicate differences among the block means? Test using 
a 0.05 (3 marks) 

(c) Perform paired comparisons using Tukey's test with a = 0.05 	 (6 marks) 
(d) Find a 95% confidence interval for the difference in means for treatments A and B. (4 marks) 
(e) Does it appear that the use of a randomized block design for this experiment was justified? 

Explain. (2 marks) 

Question 2 

A study was conducted to assess cardiorespiratory fitness level among youth aged 12 to 19 years. 
Estimated maximum oxygen uptake (V02max) was used to measure a person's cardiorespiratory level. The 
focus ofthe study investigated the relationship between levels of physical activity (more than others, same 
as others, or less than others) and gender on V02max. The data that follows are based on this study. 

Physical Activity 

More Same Less 


Males 50.1 45.7 40.9 
47.2 44.2 41.3 
49.7 46.8 39.2 
50.4 44.9 40.9 

Females 41.2 37.2 36.5 
39.8 39.4 35.0 
41.5 38.6 37.2 
38.2 37.8 35.4 

(a) Is this a factorial experiment or a randomized block design? Explain 
(b) Is there a significant interaction between levels of physical activity and gender? Are there 

significant differences between males and females? Levels of physical activity? (25 marks) 
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Question 3 Page30f4 

A study was conducted to determine whether or not there is a significant difference in the amount of 
aluminium achieved in the analysis between certain levels of certain processing variables. The variables 
and data are given below: 
A: mixing time level 1 - 2 hours 

level 2 4 hours . 
B: blade speed level 1 - 36 rpm 

level 2 78 rpm 
c: condition of nitrogen passed over propellant 

. level 1 - dry 
level 2 72% relative humidity 

D: physical state of propellant 
level 1 - uncured 
level 2 - cured 

Observation Physical State Mixing time Blade speed Nitrogen condition Aluminium 
1 1 1 2 2 16.3 
2 1 2 2 2 16.0 
3 1 1 1 1 16.2 
4 1 2 1 2 16.1 
5 1 1 1 2 16.0 
6 1 2 1 1 16.0 
7 1 2 2 I 15.5 
8 1 1 2 1 15.9 
9 2 1 2 2 16.7 
10 2 2 2 2 16.1 
11 2 1 1 1 16.3 
12 2 2 1 2 15.8 
13 2 1 1 2 15.9 
14 2 2 1 1 15.9 
15 2 2 2 1 15.6 
16 2 1 2 1 15.8 

The data in the table were recorded. Assuming all two-, three-and four-factor interactions to be negligible, 
estimate all the main effects and interpret the results. (25 marks) 
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(a) A router is used to cut locating notches on a printed circuit board. The vibration level at the 
surface of the board as it is cut is considered to be a source of dimensional variation in the notches. 
Two factors are thought to influence vibration: bit size (A) and cutting speed (B). Two bit sizes 
(1116 and 1/8 inch) and two speeds (40 and 90 rpm) are selected, and four boards are cut at each 
set of conditions shown below. The response variable is vibration measured as the resultant vector 
of three accelerometers (x, y and z) on each test circuit board. 

IA B treatment combination II III IV 
(1) 18.2 18.9 12.9 14.4 

+ a 27.2 24.0 22.4 22.5 
+ b 15.9 14.5 15.1 14.2 

+ + ab 41.0 43.9 36.3 39.9 

Analyse the data from this experiment and draw conclusions on both the main and interaction effects. Use 
5% level of significance. (25 marks) 

Question 5 

(a) Divide the treatment combinations of a 24 factorial experiment into four blocks by confounding ABC 
and BCD. What additional effect is also confounded with blocks? (12 marks) 

(b) Consider a 25 experiment where the experimental runs are on 4 different machines. Use the machines 
as blocks, and assume that all main effects and two-factor interactions may be important. 
(i) Which runs would be made on each of the 4 machines? 
(ii) Which effects are confounded with blocks? 

(13 marks) 

END OF EXAM!! 
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606 APPENDIX 

n. Percentage Points of the t Dl&tribution' 

.001 .0005a .005. .0025
.40 .25 .10 .OS .025 .01 v 
.325 1.000 3.078 
.289 .816 1.8862 
.277 .765 1.638

3 
.271 .741 1.5334 
.267 .727 1.4765 
.265 .727 1.4406 
.263 .711 1.4157 
.262 .706 1.3978 
.261 .703 U83

9 

10 
11 
12 
13 
14 

)5 
16 
17 
18 
19 

20 
21 
22 
23 
24 

25 
26 
27 
28 
29 

30 
40 
60 

120 ., 

.260 .700 1.372 1.812 .2.228 

.260 .697 1.363 1.796 2.201 
.259 .695 1.356 1.782 2.179 
.259 ,.694 1.350 1.711 2.160 
.258 .692 1.345 1.761 2.145 

.258 .691 1.341 1.753 2.131 

.258 .690 1.337 1.746 2.f20 

.257 .689 1.333 1.740 2.110 

.257 .688 1.330 1.734 2.101 
.257 .688 1.328 1.729 2.im 

.257 ..687 1.325 1.725 

.257 .686 1.323 1.721 

.256 .686 1.321 1.7n 

.256 .685 1.319 1.714 

.256 .685 1.318 1.711 

.256 .684 1.316 1.708 

.256 .684 1.315 1.706 

.256 .684 1314 1.703 

.256 .683 1.313 1.701 
.256 .683 1.311 1.699 

.256 .683 1.310 1.697 
.255 .681 1.303 1.684 
.254 .679 1.296 1.671 
.254 .677 1.289 1.658 
.253 .674 1.282 1.645 

2.086 
2.080 
2.074 
2.069 
2.064 

2.060 
2.056 
2.052 
2.048 
2.045 

2.042 
2.021 
2.000 
1.980 
;.960 

2.764 
2.718 

3.106 
3.055 
3.012 

2.681 
2.650 

2.917 

2.947 
2.624 

2.602 
2.583 

2.921 
2.898 
2.878 

2.567 
2552 
2.539 2.861 

2.528 2.845 
2.518 2.831 
2.508 2.819 
2.500 2.807 
2.492 2.797 

2.485 2.787 
2.479 2.779 
2.473 2.771 
2.467 .. 2.763 
2.4622.756 

2.457 2.750 
2.423 2.704 
2.390 .2.660 
2.358 2.617 
2.326 2.576 

3:497 
3.428 
3.372 
3.326 

3.286 
3.252 
3.222 
3.197 
3.174 

3.153 
3.135 
3.119 
3.104 
3.091 

3.078 
3.067 
3.057 
3.047 
3.038 

3.030 
2.971 
2.915 
2.860 
2.W7 

4.025 
3.930 
3.852 
3.787 

3.733 
3.686 
3.646 
3.610 
3.579 

3.552 
3.527 
3.505 
3.485 
3.467 

3.450 
3.435· 
3.421 
3.408 
3.396 

3.385 
3.307 

.3.232 
3.160 
3.090 

4.437 
4.318 
4.221 
4.140 

4.073 
4.015 
3.965 
3.922 
3.883 

3.850 
3.819 
3.792 
3.767 
3.745 

3.725 
3.707 
3.690 
3.674 
3.659 

3.646 
3.551 
3.460 
3.373 
3.291 

V d dcllJ"Cll of fRedOI!\. 
'Adapted with petmissiOll from Biometn.,. Tobl,.' for StalisticiaJU. Vol. 1, 3rt! edition, by E. S. Poarso. and H. O. 

Hartley. Cambridge University Presa. Camlxidge. 1966. 

318.31 636.6263.657 127.326.3'14 12.706 31.821 23.326 31.598'9.925 14.089
2.920 4.303 6.965 10.213 12.9245.841 7.453
2.353 3.182 4.541 7.173 8.6104.604 5.598
2.132 2.776 3.747 

5.893 6.8694.032 4.7732.015 2.571 3.365 5.208 5.9593.707 4.317
1.943 2.447 3.143 4.785 5.4083.499 4.0191.895 _2.365 2.998 4.501 5.0413.355 3.8331.860 2.306 2.896 4.297 4.7813.250 3.6901.833 2.262 2.821 

4.144 4.5873.169 3.581 
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III. Percentage Point. of the X· Distribution' 

x .995 .990 .975 .950 .500 .050 .025 

0.00 + 0.00 + 0.45 3.84 5.02 
0.05 0.10 1.39 5.99 7.38 
0.22 0.35 2.37 7.81 9.35 
0.48 0.71 3.36 11.14?.:12 
0.83 1.15 4.35 11.07 12.38 

1.24 1.611 5.35 12.59 14.45 
1.69 .2.17 6.35 14.07 16.01 

2 
3 
4 

6 
7 
8 
9 

W 
11 
12 
~ 

M 
~ 

U 
n 
g 
g 

a 
25 
~ 

40 
~ 

60 

W 
W 
~ 

wo 

0.00+ 
0.01 
0.07 
0.21 
0.41 

0.68 
0.99 
1.34 
1.73 
2.16 

2.60 
3.07 
3.57 
4.07 
4.60 

5.14 
5.70 
6.26 
6.84 
7.43 

10.52 
13.79 
20.71 
27.99 
35.53 

43.28 
51.17 
59.20 
67.33 

0.00 + 
0.02 
0.11 
0.30 
0.55 

0.87 
1.24 
1.65 
2.09 
2.56 

3.05 
3.57 
4.11 
4.66 
5.23 

5.81 
6.41 
7.01 
7.63 
8.26 

11.52 
14.95 
22.16 
29.71 
37.48 

45.44 
53.54 
61.75 
70.06 

2.18 
2.70 
3.25 

3.82 
4.40 
5.01 
5.63 
6.27 

6.91 
7.56 
8.23 
8.91 
9.59 

13.12 
16.79 
24.43 
32.36 
40.48 

48.76 
57.15 
65.65 
74.22 

2.73 
3.33 
3.94 

4.57 
5.23 
5.89 
6.57 
7.26 

7.96 
8.67 
9.39 

10.12 
10.85 

(i4.'6'i\ 
\18.49J 
26.51 
34.76 
43.19 

51.74 
60.39 
69.13 
77.93 

7.34 
8.34 
9.34 

10.34 
11.34 
12.34 
13.34 
14.34 

15.34 
16.34 
17.34 
18.34 
19.34 

24.34 
29.34 
39.34 
49.33 
59.33 

69.33 
79.33 
89.33 
99.33 

15.51 
16.92 
18.31 

19.68 
21.03 
22.36 
23.68 
25.00 

26.30 
27.59 
28.87 
30.14 
31.41 

37.65 
43.77 
55.76 
67.50 
79.08 

90.53 
101.88 
113.14 
124.34 . 

17.53 
19.02 
2Q.48 

21.92 
23.34 
24.74 
26.12 
27.49 

28.85 
30.19 
31.53 
32.85 
34.17 

40.65 
46.98 
59.34 
71.42 
83.30 

95.02 
106.63 
118.14 
129.56 

.010 

6.63 
9.21 

11.34 
13.28 
15.09 

16.81 
18.48 
20.09 
21.67 
23.21 

24.72 
26.22 
27.69 
29.14 
30.58 

32.00 
33.41 
34.81 
36.19 
37.57 

44.31 
50.89 
63.69 
76.15 
88.38 

100.42, 
112.33 
124.12 
135.81 

.005 

:7.88 
10.60 
12.84 
14.86 
16.75 

18.55 
20.28 
21.96 
23.59 
25.19 

26.76 
28.30 
29.82 
31.32 
32.80 

34.27 
35.72 
37.16 
38.58 
40.00 

46.93 
53.67 
66.77 
79.49 
91.95 

104.22 
116.32 
128.30 
140.17 

p - degrees of freedom. 
'Adapted wi!l1 pennisslod from Blom.,ri.,. 7llbles/rlr Statisticians, Vt>l. I, 3,d edition by E. S. P.."",n and H. O. 
Hartley, Cambridge UnMaiily Pm., Cambridge. 1966. 
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IV. Percentage Points of the F Distribution' 
FO.lS...I,,., 

10" 12 15 20 24 30 40 60 120 

5.83 7.50 S.lO 8.58 8.82 8.98 9.10 9.19 9.26 9.32 9.41 9.49 9.58 9.63 9.67 9.71 9.76 9.80 9.85 
2.57 3.00 3.15 3.23 3.28 3.31 3.34 3.35 3.37 3.38 3.39 3.41 3.43 3.43 3.44 3.45 3.46 3.47 3.4S 
2.02 2.28 2.36 2.39 2.41 2.42 2.43 2,44 2.44 2.44 1.45 2.46 2.46 2.46 2.47 2.47 2.47 2.47 2.47 
l.81 2.00 2.03 2.06 2.07 2.os 2.08 l.o8 2.08 2.08 2.08 2.08 2.08 2.08 2.08 2.08 2.08 2.08 2.08 

1.69 us U8 U9 1.89 1.89 1.&9 1.89 1.89 1.89 1.89 1.89 I.SS \.88 I.SS 1.88 1.87 1.87 1.87 
1.62 1.76 1.78 1.79 1.79 1.78 1.78 1.78 1.77 1.11 1.11 1.76 1.76 1.75 1.75 1.75 1.74 1.74 1.74 
lSi '1.70 1.72 1.72 1.71 1.71 1.70 1.70 1.70 1.69 1.68 1.68 1.67 1.67 1.66 1.66 1M 1.65 1.65 

1~ 1.66 1.67 1.66 1.66 1.65 1.64 1.64 1.63 1.63 1.62 1.1>2 1.61 .1.60 1.60 1.59 1.39 1.38 I.sS 
1.51 1.62 1.63 1.63 1.62 1.61 1.60 1.60 1.59 1.39 US 1.57 156 1.56 1.55 1.54 1.54 1.53 1.33 

10 1.49 1.60 1.60 1.$9 1.59 1.58 1SI t.l6 1.36 US 1.54 1.53 1.32 1.52 1.51 1.51 1.30 1.49 1.48 
11 

J~ :! 15 
16 

1.47 
1.46 
1.45 
1.44 

1.43 
1.42 

1.$8 
1.56 
1.55 
1.$3 

1.51 
1.51 

1.58 
1.56 
I.5S 
1.53 

1.32 
1.51 

lSi 
US 
1.53 
1.32 

1.51 
1.30 

1.56 
1.54 
1.32 
1.31 

1.49 
1.48 

1.55 
~.53 

1.51 
1.50 

1.48 
IA7 

1.54 
1.52 
1.50 
1.49 

lA7 
1.46 

lSI 
1.31 
1.49 
1.48 

1.46 
1.45 

lSI 
1.51 
1.49 
1.47 

1.46 
1.44 

1.52 
UO 
1.48 
1.46 

1.45 
1.44 

1.31 
1.49 
1.47 
1.4S 

1.44 
1.43 

1.50 
1.48 
1.46 
1.44 

1.43 
1.41 

1.49 
1.47 
1.45 
1.43 

1.41 
1.40 

1.49 
1.46 
1.44 
1.42 

1.41 
1.39 

1.48 
1.45 
1.43 
1.41 

1.40 
1.38 

1.47 
1.45 
1.42 
1.41 

1.39 
1.37 

1.47 
1.44 
1.42 
1.40 

1.38 
1.36 

1.46 
1.43 
1.41 
1.39 

1.37 
1.35 

1.45 
1.42 
1.40 
1.38 

1.36 
1.34 

.1\ 17 1.42 1.51 1.50 1.49 l.47 1.46 lAS 1.44 1.43 1.43 1.41 1.40 1.39 1..38 ' 1.31 1.36 1.35 1.34 1.33 

.l! 18 1.41 1.50 1.49 1.48 1.46 lAS 1.44 1.43 1.42 1.42 1.40 1.39 1.38 1.37 1.36 1.35 1.34 t.33 1.32 
g 19

120 

1.41 

1.40 

1.49 

1.49 

1.49 

1.48 

1.47 

1.47 

1.46 

1.45 

1.44 

1.44 

1.43 

1.43 

1.42 

1.42 

1.41 

1.41 

1.41 

1.40 

1.40 

1.39 

1.38 

1.37 

1.37 

1.36 

1.36 

1.35 

1.3$ 

1.34 

1.34 

1.33 

1.33 

132 

1.32 

1.31 

1.30 

1.29 

'ls 21 1.40 1.48 1.48 t.46 1.44 1.43 1.42 1.41 1.40 1.39 1.38 1.37 1.35 1.34 1.33 1.32 1.31 l.30 1.28 

IE 
1.40 
1.39 
1.39 

1.48 
1.47 
1.47 

1.47 
1.47 
1.46. 

1.45 
1.45 
1.44 

1M 
1.43 
1.43 

1.42 
1.42 
1.41 

1.41 
1.41 
1.40 

1.40 
1.40 
1.39 

1.39 
1.39 
1.38 

1.39 
1.38 
1.38 

1.37 
1.37 
1.36 

1.36 
1.35 
1.35 

1.34 
1.34 
1.33 

1.33 
1.33 
1.32 

1.32 
1.32 
1.31 

1.31 
1.31 
1.30 

1.30 
1.30 
1.29 

1.29 
1.28 
1.28 

1.28 
1.27 
1.26 

25 1.39. 1.47 1.46' 1.44 1.42 1.41 1.40 1.39 1.38 '1.37 1.36 1.34 1.33 1.32 1.31 1.29 1.28 1.27 1.25 
2.6 1.38 . 1.46 1.45 1.44 1.42 1.41 1.39 1.38 1.37 1.37 . ·1.3S l.34 1.32 1.31 1.30 1.29 '1.28 1.26 1.25 
TI' 1.38 1M 1.45 vb 1.42 1.40 1.39 1.38 1.37 1.36 1.35 1.33 1.32 1.31 1.30 1.28 1.27 1.26 1.24 
28 1.38 1.46 1.4S 1.43 1.41 1.40 1.39 1.38 1.37 1.36 1.34 1.33 1.31 1.30 1.29 1.28 1.27 1.25 1.24 
29 1.38 1.45 1.4$ 1.43 1.41 lAO 1.38 1.37 1.36 1.35 1.34 1.32 1.31 1.30 1.29 1.27 1.'26 1.25 1.23 

30 1.38 1.45 1.44 1.42 1.41 1.39 1.38 1.37 1.36 1.35 1.34 1.32 1.30 1.29 1.28 1.27 1.26 1.24 1.23 
40 1.36 1,44 1.42 1.40 1.39 1.37 I .36 1.35 1.34 1.33 1.31 1.30 1.28 1.26 1.25 1.24 1.22 1.21 1.19 
60 1.35 1.42 1.41 1.38 1.37 1.35 1.33 1.32 1.31 1.30 1.29 127 1.25 1.24 1.22 1.21 1.19 1.17 1.15 

120 1.34 1.40 1.39 1.37 1.35 1.33 1.31 1.30 1.29 1.28 1.2.6 1.24 '1.22 1.21 1.19 1.18 1.16 1.13 1.10 
1.32 1.39 1.37 1.35 1.33 1.31 1.29 1.28 1.27 1.25 1.24 1.22 1.19 1.18 1.16 1.14 1.12 1.08 1.00 

~ = deg=s of fn:edom 

•Adapted with permission from Biometrika Tobl..for Statist/claM. Vol. 1. 3rd edition by E. S. p....". and H. Q. Hattley. Cambridge University IT .... Cambddge. 1966. 

IV. P....centage Points of the F Distribution (continued) 

5.46 S.39 5.34 5.31 

5.1.5.27 S.U 9.47 9.47 9.48 9.494.32 4.19 4.11 5.23 5.22 5.20 5.184.0$ 5.183.98 3.95 5.15 5.14 $.133.92 3.90 3.87 3.84 3.83 .4.06 3.78 3.62 3.52 3.80 3.793.45 3.40 3.37 3.78 3.763.34 3.323.78 3.46 3.29 3.18 3.30 3.27 ).24 3.213.11 3.05 3.01 2.98 3.19 3.17 3.16 3.142.96 3.12 3.103.59 3.26 3.07 2.96 2.94 2.90 2.87 2.842.88 2.83 2.78 2.82 2.80 2.782.75 2.72 2.76 2.74 2.723.46 3.11 2.92 2.81 2.10 2.67 2.63 2.S92.73 2.58 2.362.67 2.62 2.59 2.S6 2.54 2.$1 2.49 ~73.36 3.01 2.81 2.69 2..14 2.50 2.46 2.422.61 2.$5 2.51 2.40 2.38 2.36 2.342.47 2.44 2.32 2.292.42 2.38 2.34 2.3010 3.29 2.92 2.73 2.61 2.28 2.25 2.23 2.212.46 2.41 2.18 2.1611 = 2.38 2.353.23 2.86 2.66 2..54 2.32 2.28 2.24 2.20 
1'12 2.08 2.06

2.4$ 2.39 2.34 2.30 2.27 2.18 2.16 2.13 2.113.18 2.81 2.61 2.48 2.25 2.21 2.17 2.12 
- 13 2.21 2.00 1.97

2.39 2.33 2.28 2.24 2.10 2.08 2.05 2.033.14 2.76 2.S6 2.43 2.19 2.1$ 2.10 2.062.35 2.28 2.23 2.04 2.01 1.99~ 14 2.20 2.16 1.96 1.93 1.903.10 2.73 2.52 2.39 2.14 2.10 2.05 2.012.31 1.98 1.96 , 2.24 2.19 2.15 2.12 1.93 1.90 1.88 1.8515 2.10 2.05 2.01 1.963.07 2.70 2.49 2.36 1.94 1.91 1.89 1.862.27 2.21 2.16 1.83 1.802.12.!S 16 2.093.0$ 2.67 2.46 2.33 2.06 2.02 1.97 1.9l.2.24 2.18 2.13 1.90 1.87 1.852.09 2.06 1.82 1.79 1.76.1\ 17 3.03 2.64 2.44 2.31 2.03 1.99 1.94 1.892.22 2.1.5 2.10 1.117 1.1142.06 1.81 1.78.l! 18 3.01 2.62 2.42 2.29 2.03 2.00 1.96 1.91 1.86 1.75 1.72 
2.20 1.84 UII2.13 2.08 1.782.04 1.752.00 1.72 l.69

j~ 

2.99 2.61 2.40 2.1.7 1.98 1.93 1.89 1.84
2.18 2.11 2.06 1.81 1.78 1.752.02 1.98 1.72 1.69 1.661.96 1.91 I.S6 1.812.97 2.59 2.38 2.25 1.79 1.76 1.73 1.70 _ 21 2.16 2.09 2.04 1.67 1.632.00 1.962.96 2.57 2.l6 2.23 1.94 1.89 1.84 1.792.14 2.08 2.02 1.71 1.74 1.711.98 1.68°22 1.9S 1.64 1.612.9$ 2.36 2.3$ 2.22 1.92 1.87 1.83 1.782.13 2.06 2.01 1.7$ 1.72 1.69123 1.97 1.93 1.66 1.62 1.592.94 2.s5 2.34 2.21 1.90 1.86 LSI 1.762.11 2.06 1.99 1.73 1.70a 24 1.96 1.92 1.67 1.64 1.60 1.572.93 2..s4 2.33 2.19 1.89 1.84 1.80 1.742.10 2.04 1.98 1.94 1.72 1.69 1.66 1.621.91 l.S9 1.351.38 1.83 1.78 1.7325 1.70 1.672.92 2.S3 2.32 2.18 1.84 1.612.09 2.Q2 1.97 l.S7 1.3326 1.93 1.892.91 = 2.31 2.17 1.87 1.112 1.11 1.722.08 1.69 1.6627 2.01 1.96 1.92 1.88 1.63 1.59 1.56 1.$22.90 2.5 I 2.30 2.17 I.Il6 1.81 1.76 1.712.07 2.00 1.95 1.91 1.68 1.65 1.61 1.5828 1.87 1.54 1.502.89 2.50 2.29 2.16 1.8$ 1.80 1.75 1.702.06 2.00 1.94 l.67 1.64 1.6029 1.90 1.87 l.S7 1.33 1.492.89 2.50 2.28 2.1S 1.84 1.79 1.74 1.692.06 1.!i9 1.93 1.!19 1.66 1.63 1.$9 1.561.86 U2 1.481.S3 1.78 1.73 1.6830 2.88 2.49 2.28 2.14 1.65 1.62 1.58 1.5$2.03 1.98 1.93 U1 1.4740 l.88 U52.84 2.44 2.23 2.09 1.82 1.77 1.72 1.672.00 1.93 1.87 1.64 1.61 U760 1.83 1.79 1.54 !.SO 1.46 

120 1.S7 1.I!2 1.77 1.7. 1.51 1.47 1.42 1.38 
2.79 2..J9 2.18 2.04 1.76 1.7t' 1.66 1.611.95 1.57 1.54 
2.75 2.35 2.13 1.99 1.71 1.66 1.60 1.541.90 1.112 1.11 1.72 1.51 1.48 1.44 lAO1.68 1.35 1.292.71 2.30 2.08 1.65 1.60 1.S5 1.481.85 1.11 1.72 1.45 1.41 1.371.67 1.63 1.60 1.55 1.26 1.19

1.38 1.34 



-----

Percimtllge Points of the F Distribution (cor'ltin1led) · IV. 
FO,DS.I'I'~ 

23().2 234.0 236.8 238.9 240.5 241.9 243.9 245.9 ~:~s 2~::~S 19.46 19.47 19.4l! 19.49 19.56199.5 . 215.7 224.6161.4 
19.30 19.33 19.35 19.37 19.38 19.40 19.41 19.43 8.64 8.62 U9 8.57 8.55 8.5319.00\ 19.16 19.25lUI 
9.01 8.94 8.89 US UI 8.79 8.74 8.70 ~::' 5.77 5.75 5.72 5.69 5.66 5.6310.13 9.55 9.28 9.12 
626 6 16 6.09 6.04 6.00 5.96 5.91, 5.36 

,4 7.71 6.94 6.S9 639 
~ ~ _ ~ rn ~ ~ ~ d ~ ~ ~ ~ ~ ~ 

5.41 5.196.61 5.79 
:l9 4.28 4.21 4.15 4.10 4.06 4.00 3.94 ;.&7 • ~:: 33() 327 3.23

5.99 5.14 4.76 4.53 
4.ll ~97 3.87 3.79 3.7:1 3.68 3." 3.57 3.51 ~:~ 3.12 ;~! ~:~ 3:01 1.97 2.935.59 4.74 4.35 =~ ~ ~ ~ ~ W W = _ ~ _ W ~ ~ 

5.32 4.46 4.0'1 3.84 
3.4l! 337 3.29 3.23 3.lS 3.14 3.01 3.01 2.543.635.12 4.26 3.86 
3.33 3.22 3.14 3.0'1 3.02 2.98 2.91 2.lI5 2.77 2.74 ~O 2.66 2.62 2.58 40 

10 4.96 4.10 3.11 3.4l! 09 301 2.95 2.90 2.85 2.79 2.72 2.65 2.61 7 2.53 2.49 2.45 ~ 
h - ~ ~ ~ = ~ . W ~ W ~ W ~ = ~ W ~ ~ 

? 12 
Ii 13 : ~ : ~ ~ ~ : = ~ ~ : ~ ~ = ~ ~ ~ ~ ~ 
I 14 4.60 3.74 3.34 3:11 2.% :: ~:: :: 2.59 2.54 2.48 2.40 2.33 2.29 2.25 2.20 2.}6 2.11 2.0'1 
.~ 15 4.54 3.68 3.29 3.06 2.90 ~ 2.49 2.42 2.35 2.28 2.24 2.19 2.15 2.11 2.06 2.01 

! 16 4.49 3.63 3.2~ 3.01 2.lI5 2.74 ~~ ~~~ 2.49 2.45 ~ 2.31 2.23 2.19 US 2.10 2.06 2.01 1.96 

.!I 17 4.45 3.59-' 3.20 2.96 2.81 2.70 2.S1 2.46 2.41 2.34 2.27 2.19 2.15 2.11 2.06 2.02 1.97 U>:l 

~ IS 4.41 3.55 3.16 2.93 2.77 2.66 ;~ 2.48 2.42 238 2.31 2.23 2.16 2.11 2.01 2.00 1.98 1.93 1.1lII 

_ 211: ; ~ ~ ~ ~ ; ~ ~ ~ E E ill ~ E E ~ ~ ~ ~ 
o 22 4.30 3.44 3.05 2.82 2.66 III 2.46 2.40 2.34 220 2.13 2.05 2.01 1.96 1.91 1.86 1.81 1.76 

I: 4.28 3.42 3.03 2.80 2." ;:;: ~~ 2.37 ~ ~ 1.18 2.1l 2.03 1.98 1.94 1.89 l.&4 1.79 1.73 

4.26 3.40 3.01 2.7S :: 2.49 2.40 :: 2.28 2.24 2.16 2.09 2.01 1.96 un 1.87 l.12 1.77 1.71 

2S ~ ~ ~ n = = ~ III = ~ ili ~ W ~ ~ ~ 
26 4.23 3.37 . 2.98 2.74 2.S9 2.47 2.39 2.31 2.25 2.20 2.13 2.06 1.97 1.93 I.as l.84 1.79 l.7:I l.67 

27 
28 ~ ~ :. ~ ~ ~ ili ~ :.~ ~ =.~ : ~ ~ ~. ~ ~ 

4.18 3.33 2.93 2.70 2.55 2.43 I 74 1 68 16229 ~ ~ ~ ~ = ~ ~ ~ ill· . ~ 
4.17 3.32 2.92 2.69 2.53 '2.42 2.33 2.08 2.00 1.92 l.84 1.79 1.74 1.69 1.64 1.58 13930 

40 4.08 3.23 2.84 2.61 2.45 2.34 2.25 ;::~ ~~ 1.99 1.92 l.84 1.75 1.70 l.6S 1.59 1.53 1.47 1.25 

60 
120 ~: ~~ _i~~!:~~~~~~!__~~:·:~~;:.~~7~~~~·137~----2.:~~--~I~.96~--1:9~1~~I~~3~~~=~~~__~:~:~~~I~.6:1__~::46~55~~:~~-9---:-~-i----:-;S_2____1.00__3,84 3.00 2.60 2.37 UI 2.10 2.01 1.94 L8S 1.83 1.75 !.S2 

IV. Percentage Points of the F Distribution (continued) 

38$1 . 39.17 39.25 39.30 39.33 39.3"1 39.39 39.40 39.41 39.43 39.45 39.46 39,46 39.47 39.48 39.49 39.50 
17.44 16.04 15.44 15.10 14.as 14.73 14.62 14.54 14.47 14.42 14.34 14.25 14,17 14.12 14.0S 14.04 13.99 13.95 13.90 
12.22 10.65 9.98 9.60 9.36 9.20 9.0'1 S.98 S.90 8.84 8.75 8.66 8.56 LSI 8 .• 6 S." 8.36 S.3! 8.26 

10.01 8.4:1 7.76 7.39 7.15 6.9S 6.85 6.76 6.68 662 6.52 6.43 6.33 6.28 6.23 6.18 6.12 6.0'1 6.~ 

ll.S1 7.26 6.60 6.23 5.99 5.82 5.70 5.60 5.52 5.46 5.37 5.27 5.17 3'.12 5.07 5.01 4.96 4.90 4.85 
8.0'1 6.54 SA9 5.52 5.29 1.12 4.99 4.90 4.82 4.76 4.67 4.57 4.41 4.42 4.36 4.3'1 4.25 4.20 4.14 
7.57 6.06 5.42 5.05 4.82 4.65 4.53 4.•3 4.36 4.30 4.20 4.10 4.00 3.95 3.89 3.84 3.18 3.73 3.67 
7.21 5.n 5.08 4.72 4.48 4.32 4.20 4.10 4.03 3.96 3.87 3.77 3.67 3.61 3.56 30Si 3.45 3.39 H3 

10 
II 

6.94 
6.72 

5.46 
5.26 

4.83 
4.63 

4.47 
4.28 

4.24 
'.04 

4.0'1 
3.SS 

3.95 
3.76 

3.85 
3.66 

3.78 
3.59 

3.72 
3.53 

3.62 
3.•3 

3.52 
3.33 

3.42 
3.23 

3.37 
3.17 

3.31 
3.12 

3.26 
3.06 

3.20 
3.00 

3.14 
2.94 

3.08 
2.88 

~ 12 

l~ :: 
IS 
16 

6.55 
6.41 
6.30 

6.20 
6.12 

5.10 
4.97 
4.86 

4.77 
4.69 

4.47 
4.35 
4.24 

4.15 
4.08 

•.12 
4.00 
3.89 

3JlO 
3.73 

3,89 
3.77 
3.66 

3.58 
3.50 

3.73 
3.60 
3.56 

3.41 
3.34 

3.61 
3.48 
3.38 

3.29 
3.22 

3.51 
3.39 
3.29 

3.20 
3.12 

3.44 
3.31 
3.21 

3.12 
3.05 

3.37 
3.25 
3.15 

'3.06 
2.99 

3.28 
3.15 
3.05 

2.96 
2.89 

3.1S 
3.os 
2.95 

2.86 

2.79 

3.01 
2.95 
2.84 

2.76 
2.68 

3.~ 

2.89 
2.79 

2.70 
2.63 

1.96 
2.14 
2.73 

2.64 
2.57 

2.91 
2.78 
1.67 

2.59 
2.5' 

US 
2.72 
2.61 

2,52 
2.45 

2.79 
2.66 
2.55 

2.46 
2.lS 

2.72 
2.60 
2.49 

2.40 
2.32 

.; 11 6.04 4.62 4.01 3.66 3.44 3.28 3.16 3.06 2.98 2.92 2.82 2.72 2.62 2.56 2.50 2.44 2.38 2.32 2.25 

.!! 18i 19 

5.98 
5.92 

4.56 
4.51 

3.95 
3.90 

3.61 
3.56 

3.38 
3.33 

3.22 
~17 

3.10 
3.05 

3.01 
2.96 

2.93 
2.88 

2.87 
2.82 

2.77 
2.72 

2.67 
2.62 

2.56 
2.51 

2.50 
2.45 

2.44 
2.39 

2.38 
2.33 

232 
2.27 

2.26 
2.20 

2.19 
2.13 

.E 20 5.87 4.46 3.86 3.51 3.29 3.t> 3.01 2.91 2.S4 2.77 2.68 2.57 2.46 . 2.41 23:) 2.29 2.22 2.16 2.09 
'li 21 

i22 
5.S) 
5.79 

4.42 
4.38 

3.82 
3.78 

3.4l! 
3.44 

3.25 
3.22 

3.09 
3.OS 

2.97 
2.93 

2.87 
2.84 

2.S0 
2.76 

2.73 
2.70 

2.64 
2.60 

2.53 
2.50 

2.42 
2.39 

2,3"1 
2.33 

:Dl 
2.'17 

2.25 
2.:U 

2.18 
2.14 

2.11 
2.08 

2.04 
2.00 

.s~ 5.75
5.n 

435 
4.32 

3.75 
3.n 

3.41 
3.3S 

3.18 
3.15 

3m 
2.99 

2.90 
2.S7 

2.81 
2.78 

2.73 
2.70 

2.67 
2.64 

2.57 
2.54 

2.47 
2.44 

2.36 
2.33 

2.30 
221 

U4 
2.21 

2.18 
2.15 

2.11 
2.08 

2.04 
2.01 

1.97 
1.94 

25 5.69 4.29 3.69 3.35 3.13 2.97 2.85 2.75 2.68 2.61 2.51 2.41 2.30 2.24 2.t8 2.12 2.05 1.98 1.91 
26 5.66 4.27 3.67 3.33 3.10 2.94 2.82 2.73 2.65 2.59 2.49 2.l9 2.28 2.22 1t6 209 2.03 L9S U8 
27 5.63 4.24 3.6S 3.31 3.08 2.92 2.80 2.71 2.63 2.57 2.47 2.36 2.25 2.19 2.') 2.0'1 2.00 1.93 us 
28 5.61 4.22 3.63 3.29 3.06 2.90 2.7S 2.69 2.61 2.55 2.45 2.34 2.23 2.17 2.11 2.05 1.9& 1.91 LSl 
29 5.59 4.20. 1.61 3.27 3.04 2.8a 2.76 2.67 2.59 2.53 2.43 2.32 2.21 2.13 2.09 2.00 L96 1.89 LSI 

30 5.S? 4.IS 3.59 3.25 3.03 2.87 2.75 2.65 2.S7 2.51 2.41 2.31 2.20 2.14 2.07 2.01 l.94 Uri 1.79 
40 5.42 4.05 3.46 3.13 2.90 2.74 2.62 2.53 2.45 2.39 2.29 2.IS 2.07 2.01 1.94 1.88 1.80 1.72 1.64 
60 5.29 3.93 3,34 3.01 2.79 2.63 2.51 2.41 l.33 2.27 2.17 2.06 1.94 L88 1.82 1.74 1.67 LS8 1.43 

120 5.15 3.80 3.23 "2.89 2.67 2.52 2.39 2.30 ~ 2.16 2.05 1.94 In 1.76 1.69 1.61 l.53 1.43 1.31 
1.57 1.48 1.39 1.27 Loo 



4. 

10 
11

:! 12 

~ :!
L5 
~ 16 
.'l 11 
oS 13 
~ 19' 

] 20 
'l$ '21 
- 12I;! 

25 
26 
21 
28 
29 

:lO 
40 

60 
120 

4.'l99..1 S40J 5625 
98..50 99.00 99.17 99.25 
:14.12 30.82 29.46 n.11 
21.20 18.00 16.69 15.98 

16.2\1 13.21 12.06 11.39 
13.15 10.92 9.18 9.15 
12.2.1 9..55 8.45 1.85 

11.26 8.6.5 1..59 1.01 
10.56 8.02. 6.99 6.42 

10.04 
9.65 
9.33 
9.!17 
8.86 

8.6& 
8..5) 

8.40 
8.29 
8.18 

B.IO 
8.02 
1.95 
1.88 
1.81 

1.TI 
7.12 
1.68 
7.M 
7.60 

7.56 
7.)1 

7.08 
6.85 
6.63 

7.56 
1.21 
6.93 
6.10 

6.51 

6.36 
6.23 
6.11 
6.lIl 
5.93 

5.8S 
5.78 
5.12 
5.66 
5.61 

5.57 
5..1) 
5.49 
5.45 
5.42 

5.39 
5.18 
4.98 
4.79 
4.61 

6..15 
6.22 
5,95 
$.14 

5..56 

5.42 
5.29 
5.18 
5.00 
5.01 

4.94 
4.87 
4.82 
4.16 
4.72 

4.68 
4.64 
4.60 
4..17 
4.54 

4.51 
431 
4.13 
3.95 
3.78 

5.99 
5.67 
5.41. 
5.21 
5.04 

4.89 
4.TI 
4.67 
4.58 
4.50 

4.43 
4.31 
4.31 
'.26 
4.22 

4.18 
4.14 
4.11 
4Jl7 
4J14 

4.02 
3.83 
3.65 
3.48 
3.31 

IV. Percentage 1'oint. of the F Distribution (continu.d) 

.5764 5859 S9"la 
99.30 99.33 99.36 
28.24 27.91 21.67 
15.52 15.21 14.98 

10.91 10.67 10.4<1 
8.75 8.47 8.26 
1.4<1 1.19 6.99 
6.63 6.31 6.18 

. 6.06 5.80 5.61 

5.64 5.39 5.20 
s:J2 5.01 4.89 
5.06 4.82 4.64 
486 4.62 4.44 
4.69 4.46 4.28 

4.56 4.31 4-14 
4.44 420 4.03 
4.34 4.10 3.93 
4.25 4.01 3.84 
4.11 3.94 3.TI 

4.10 3.81 3.10 
4.04 3.81 3.M 
3.99 3.16 3.59 
3.94 3.11 3.54 
3.90 3.67 3.50 

3.85 3.63 3,46 
3.81 3..59 3.42 
3.78 3.56 3.39 
3.15 3..53 3.36 
3.73 3.50 3.33 

3.10 3.47 3.30 
3..51 3.29 3.12 
3.34 3.12 2.95 
3.17 2.96 2.19 
3.01 2.l10 2.64 

5982 6022 6056 _ 6106 6157 

99.37 99.39 99.40 99.42 99.43 
21,49 27.35 27.23 21.05 26.81 
14.80 14.66 14.S5 14.37 14.20 

10.29 10.16 10.05 9.89 9.72 
8.[0 7.98 7.81 1.72 1.56 
6.84 6.12 6.62 6.41 6.31 
6.03 591 5.&1 5.61 .1.52 
5,47 5.35 5.26 S.ll 4.96 

5.06 
4.14 
4..so 
4.30 
4.14 

4.00 
3.89 
3.79 
3.11 
3.~ 

3.56 
3.51 
3,45 
3.41 
3.:16 

3.32 
3.29 
3.26 
3.23 
3.20 

3.11 
2.99 
2.82 
2.66 
2..51 

4.94 .4.85 
4.63 4.54 
4.39 4.30 
4.19 4.10 
4.03 3.94 

3.89 3.80 
3.78 3.69 
3.68 3.59 
3.60 3..51 
3..52 3.4'3 

3.46 3.31 
3.40 3.31 
3.35 3.26 
3.30 3.21 
3.26 3.\7 

3.22 3.13 
3.11 3.09 
3.IS 3.06 
3.12 3.03 
3.09 3.00 

3.01 2.98 
2.89 1.30 
2.12 2.63 
2..56 2.47 
2.41 2.32 

4.11 4.56 
4.40 4.25 
4.16 4.01 
3.96 3.81 
3.80 3.66 

3.61 3.52 
3.55 3,41 
3.46 3.31 
3.37 3.23 
3.30 3.15 

3.23 3.09 
3.11 3.03 
3.12 2.9& 
3.0"1 2.93 
3.03 2.89 

2.99 2.85 
2.96 2.81 
2.93 2.18 
2.90 2.15 
2.81 2.13 

2.84 2.70 
2.66 2..52 
2.50 2.35 
l.34 2.t9 
2.18 2.04 

6209 
99.4S 
26.69 

.14.02 

9..15 
1.40 
6.16 
S.36 
4.81 

6235 
99.46 
26.00 
13.93 

U7 
1.31 
6.01 
5.28 
4.73 

99.47 
26.50 
13.114 

9.38 
1.23 
S.99 
S.W 
4.65 

4,41 4.33 4.25 
4.10 4.02 3.94 
3.86 3.18 3.10 
3.66 3.59 3.51 
3..51 3.43 3.35 

3.:11 3.'l9 3.21 
3.26 3.18 3.10 
3.16 3.08 3.00 
3.08 3.00 2.92 
3.00 2.92 '2.84 

2.94 2.86 2.18 
2.88 2.80 2.7"1 
2.83 2.1S 2.61 
2.18 2.10 2.62 
2.14 2.66 2..58 

2.10 2.62 2.54 
2.66 1.58 2.50 
2.6l )..11 2.41 
2.60 H2 2.44 
2.57 2.49 2.41 

2.55 2.41 2.39 
2.31' 2.29 2.20 
2.20 2.12 2.03 
2.03 1.95 l.86 

'1.811 1.19 1.10 

26.41 
13.15 

9.29 
1.14 
5.91 
S.12 
4.57 

4.17 
3.86 
3.62 
3.43 
3.21 

3.13 
3.02 
2.92 
2.84 
2.76 

2.69 
2.64 
1.58 
2.54 
2.49 

2.45 
2.42 
2.38 
2.34 
2.33 

2.30 
2.11 
UM 
1.16 
!.59 

26.32 
13.6.5 

9.20 
1.06 
5.S2 
5.03 
4.48 

4.08 
3.78 
3.54 
3.34 
3.1S 

3.05 
2.93 
2.83 
2.15 
2.61 

2.61 
2.55 
2...50 
2.45 
2.40 

2.36 
2.33 
2.29 
2.26 
2.23 

2.21 
2.02 
!.84 
1.66 
1.47 

6339 6366 
99.49 99.50 
26.22 26.13 
13..56 13.46 

9.l! 9.02 
6.91 6.88 
5.74 5.6.5 
4.95 4.86 
4.40 4.31 

4.00 
3.69 
3.45 
3.25 
3.09 

2.96 
2.84 
2.15 
2.66 
2..58 

2.52 
2.46 
2.40 
2.35 
2.31 

2.21 

2.23 
2.20 
2.11 
2.14 

2.1! 
1.92 
1.73 
1.53 
1.32 

3.91 
3.60 
3.:16 
3.11 
3.00 

2.87 
2.1S 
2.65 
2..s7 
2.49 

2.42 
2.:16 
2.31 
2.26 
2.21 

2.11 
2.13 
2.10 
2.06 
2.03 

2.01 
1M 
1.60 
1.38 
1.00 

Probability of accepting the hypothesis PrQbabiJiry of accepting the hypothesi; 

9"'1---+
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Probability of accepting the hypothe91s 
Probability of accepting the hypothesis 

VII. Percentage Points 01 the Studenlked Range Statistic' 

90 135 164 186 202 216 227 237 246 253 260 266 272 272 282 286 290 294 298 
2 14.0 19.0 22.3 24.7 26.6 28.2 29.5 30.7 31.7 32.6 33.4 31.4 34.8 35.4 36.0 36.5 37.0 37.5 37.9 
3 8.26 10.6 12.2 13.3 14.2 15.0 15.6 16.2 16.7 11.1 17.5 17.9 18.2 18.5 18.8 19.1 19.3 19.5 19.8 
4 6.51 8.12 9.17 9.96 10.6 ·11.1 11.5 11.9 12.3 12.6 12.8 ·13.1 13.3 13.5 13.7 13.9 14.1 14.2 14.4 
S 5.70 6.97 1.80 8.42 8.91 9.32 9.67 9.97 10.24 10.48 10.70 10.89 11.08 11.24 11.40 11.55 11.68 11.81 11.93 

6 5.24 6.33 7.03 7.56 7.97 8.32 8.61 8.87 9.10 9.30 9.49 9.65 9.81 9.95 10.08 10.21 10.32 10.43 10.54 
7 4.95 5.92 6.54 7.01 7.37 7.68 7.94 8.17 8.37 8.55 8.71 8.86 9.00 9.12 9.24 9.35 9.46 9.55 9.65 
8 4.74 5.63 6.20 6.63 6.96 7.24 7.47 7.68 7.87 8.03 8.18 8.31 8.44 8.55 8.66 8.76 8.85 8.94 9.03 
9 4.60 5.43 5.96 6.35 6.66 6.91 7.13 7.32 7.49 7.65 7.78 7.91 8.03 8.13 8.23 ~ 32 8.41 8.49 8.57 

10 4.48 5.27 5.71 6.14 6.43 6.67 6.87 7.05 7.21 7.36 7.48 7.60 7.71 7.81 7.91 7.99 8.07 8.15 8.22 

11 4.39 5.14 5.62 5.97 6.25 6.48 6.67 6.84 6.99 7.13 7.25 7.36 7:46 7.56 7.65 7.73 7.81 7.88 7.95 
12 4.32 5.04 5.50 5.&4 6.10 6.32 6.51 6.67 6.&1 6.94 7.06 7.17 7.26 7.36 7.44 7.52 7.59 7.66 7.73 
13 4.26 4.96 5.40 5.73 5.98 6.19 6.37 6.53 6.67 6.79 6.90 7.01 7.10 7.19 7.27 7.34 7.42 7.48 7.55 
14 4.21 4.89 5.32 5.63 5.88 6.08 6.26 6.41 6.54 6.66 6.71 6.87 6.96 7.05 7.12 7.20 7.27 7.33 7.39 
15 4.17 4.83 5.25 5.56 5.80 5.99 6.16 6.31 6.44 6.55 6.66 6.76 6.84 6.93 7.00 7.07 7.14 7.20 7.26 

16 4.13 4.78 5.19 5,49 5.72 5.92 6.08 6.22 6.35 6.46 6.56 6.66 6.74 6.82 6.90 6.97 7.03 7.09 7.15 
17 4.10 4.74 5.14 5,43 5.66 5.85 6.01 6.15 6.27 6.38 6.48 6.57 6.66 6.73 6.80 6.87 6.94 7.00 7.05 
18 4.07 4.70 5.09 5.38 5.60 5.79 5.94 6.08 6.20 6.31 6.41 6.50 6.58 6.65 6.72 6.79 6.85 6.91 6.96 
19 4.05 4.67 5 . .05 5.33 5.55 5.73 5.89 6.02 6.14 6.25 6.34 6.43 6.51 6.58 6.65 6.72 6.78 6.84 6.89 
20 4.02 . 4.64 5.02 5.29 5.51 5.69 5.84 5.97 6.09 6.19 6.29 6.37 6.45 6.52 6.59 6.65 6.71 6.76 6.82 

24 3.96 4.54 4.91 5.17 5.37 5.54 5.69 5.81 5.92 6.02 6.11 6.19 6.26 6.33 6.39 6.45 6.51 6.56 6.61 
30 3.89 4.45 4.80 5.05 5.24 5.40 5.54 5.65 5.76 5.85 5.93 . 6.01 6.08 6.14 6.20 6.26 6.31 6.36 6.41 
40 3.82 4.37 4.70 4.93 5.11 5.27 5.39 5.50 5.60 5.69 5.77 5.84 5.90 5.96 6.02 6.07 6.12 6.17 6.21 
60 3.76 4.28 4.60 4.82 4.99 5.13 5.25 5.36 5.45 5.53 5.60 5.67 5.73 5.79 5.&4 5.89 5.93 5.98 6.02 

120 3.70 4.20 4.50 4.71 4.87 5.01 5.12 5.21 5.30 5.38 5.44 5.51 5.56 5.61 5.66 5.71 5.75 5.79 5.83 
co 3.64 4.12 4.40 4.60 4.76 4.88 4:99 5.08 5.16 5.23 5.29 5.35 5.40 5.45 5.49 5.54 5.57 5.61 5.65 

f = dCgress of r",edom. 
(J\'From 1. M. May. "Extended and Com:cted Tables of the Upper Percentage Poin .. of the Studcntized Rnnge; Biometri~. Vol. 39. pp. 192-193. 19l~RA:produced l!I1.permis,ion of the I'-l 

trustees of Biotnf!tril:a. . I-' 



VlI. Percentlge Points of the Studenti%ed Range Statistic (continued) 0\ 
N . qD!JS(p,j) N 

p 

f 2 4 5 7 8 9 10 11 12 13 14 15 16 17 18 19 20 

1 18.1 26.7 32,8 37.2 40,5 43.1 45,4 47.3 49.1 50.6 61.9 53.2 54.3 55.4 56.3 57,2 58.0 58.8 59.6 
2 '6.09 8.28 9,80 10.89 11.73 12.43 13,03 13.54 13.99 14.39 14,75 15.08 15,38 15.65 15,91 16.14 16.36 16.57 16.77 

3 4.50 5.88 6.83 7.5-1 8.04 8.47 8.85 9.18 9.46 9.72 9.95 10.16 10,35 10,52 10,69 10.84 10.98 11.12 11.24 
4 3.93 5.00 5,76 6.31 6.73 7.06 7.35 7.60 7.83 8.03 8.21' 8.37 8.52 8.67 8,80 8,92 ~.03 9.14 9.24 
5 3.64 4.60 5.22 5,67 6.03 6.33 6,58 6.80 6.99 7.17 7.32 7.47 7,60 7,72 7,83 7,93 g,03 8.12 8.21 

3.46 4.34 4,90 5,31 5,63 5.89 6,12 6.32 6.49 6.65 6.79 6.92 7,04 7,14 7,24 7.34 7.43 7.51 7.59 
7 3.34 4.16 4.68 5,06 5.35 5,59 5.80 5.99 6.15 6.29 6.42 6.54 6.65 6,75 6,84 6.93 7,01 7.08 7.16 
8 3.26 4.04 4.53 4.89 5.17 5.40 5.60 5.77 5.92 6.05 6,18 6.29 6.39 6.48 6.57 6.65 6,73 6.80 6.87 

9 .3.20 3,95 4.42· 4.76 ,5,02 5.24 5.43 5.60 5.74 5.87 5.98 6.09 6,19 6,28 6.36 6.44 6.51 6.58 6.65 
10 3.15 3.88 4.33 4,66 4.91 5,12 5.30 5.46 5.60 5.72 5.83 5.93 6,03 6,12 6.20 6.27 6,34 6.41 6,47 

11 3.11 3.82 4.26 4.58 4.82 5,03 5.20 5.35 5,49 5.61 5.71 5.81 5.90 5.98 6,06 6.14 6,20 6.27 6.33 
12 3.08 3.77 4.20 4.51 4.75 4.95 5.12 5.27 5.40 5.51 5.61 5.71 5.80 5.88 5,95 6.02 6,09 6.15 6.21 
13 3.06 3,73 4.15 4,46 4.69 4.88 5,05 5.19 5.32 5.43 5.53 5.63 5.71 5.79 5,86 5,93 6,00 6.06 6.11 
14 3.03 3,70 4.11 4,41 4.64 4.83 4.99 5.13 5.25 5.36 5.46 5,56 5.64 5.72 5.79 5,86 5,92 5.98 6.03 
15 3.01 3,67 4,08 4.37 4,59 4,78 4.94 5.08 5.20 5.31 5.40 5.49 5.57 5.65 S,72 5.79 5.85 5.91 5.96 

16 3.00 3,65 ~ 4.34 4.56 4.74 4.98 5.03 5.15 5.26 5.35 5.44 5,52 5.59 5,66 5.73 5,79 5,84 5.90 
17 2.98 3,62 4.02 4.31 4.52 4.70 4.86 4.99 5.11 5.21 5.31 5.39 5.47. 5.55 5.61 5,68 5.74 5.79 5.84 
18 2.97 3.61 4,00 4.28 4.49 4.67 4.83 4.96 5.07 5.17 5.27 5.35 5.43· . 5.50 5.57 5,63 5,69 5.74 5,79 
19 2.96 3.59 3.98 4.26 4.47 4.64 4,79 4.92 5.04 5.14 5.23 5.32 5.39 5.46 5.53 5.59 5.65 5.70 5.75 
20 2.95 3.58 3.96 4,24 4.45 4,62 4,77 4.90 5.01 . 5.11 5.20 5.28 5.36 5,43 5,50 5,56 5.61 5.66 5.71 

24 2,92 3.53 3,90 4.17 4,37 4,54 4.68 4.81 4.92 5.01 5.10 5.18 5,25 5.32 5,38 5.44 5.50 5.55 5.59 
30 2.89 3.48 3,M 4.11 4.30 4.46 4.60 4.72 4.83 4.92 5.00 5.08 5,15 5,21 5,27 5.33 5.38 5.43 5.48 

40 .2.86 3.44 3,79 4,04 4.23 4,39 4.52 4.63 4.74. 4.82 4.90 .4.98 5,05 5.11 5,17 5.22 5.27 5.32 5.36 
60 . 2.83 3.40 3.74 3.98 4.16 4.31 4.44 4.55 4.65 4.73 ·4.814.88 4.94 5,00 5,06 5.11 5.15 5.20 5.24 

120 2.80 3.36 3,69 392 4.10 4,24 4.36 4.47 4.56 4.64 4.71 4.78 4.84 4.90 4,95 5.00 5.04 5.09 5,13 
2.77 3.32 3.63 3.86 4.03 4.17 4.29 4.39 4.47 4.55 4.62 4,68 4.74 4.80 4,84 4,98 4.93 4.97 5.01 

http:4.814.88
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V11l. Critical Values for Dwmett'. Test for Comparing Treatments with a Control (continued) ~ - '" .,., 0 .,., '" do..,(<> _ l.n ... I - N - 1 ;S "I~ 
One-Sided Comparisons 1 '" 

f 
.5 

1 

2.02 

a -1 ; Number of Treatment Meaos (excludlngcontrol) 
2 3 4 5 6 7 

2.44 2.68 2.85 2.98 3.08 3.16 3.24 
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6
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1.94
1.89 

2.34
2.27 

2.56
2.48 
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3.00
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8 
9 

10 
J1 

1.86 
1.83 
J.81 
1.80 

2.22 
2.18 
2.15 
2.13 

2.42 
2.37 
2.34 
2.31 

2.55 
2.50 
2.47 
2.44 

2.66 
2.60 
2.56 
2.53 

2.74 
2.68 
2.64 
2.60 

2.81 
2.75 
2.70 
2.67 

2.87 
2.81 
2.76 
2.72 

2.92 
2.86 
2.81 
2.77 
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1213 
14 

1.781.77 
1.76 

2,112.09 
2.08 

2.292.27 
2.25 

2.412.39 
2.37 

2.502,48 
2.46 

2.582.55 
2.53 

2.642.61 
2.59 

2.692,66 
2.64 

2,742.71 
2.69 
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15 
16 

1.75 
1.75 

2.07 
2.06 

2.24 
2.23 

2.36 
2.34 

2.44 
2.43 

2.51 
2.50 

2.57 
2.56 

2.62 
2.61 

2.67 
2.65 ... 
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19 
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24 

1.73 . 
1.72 
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2.03 
2.03 
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• 2.19 

2.17 

" 2.312~
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2.40 
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2.52 
2.51 
2,48 

2.57 
2.56 
2.53 

2.61 
2.60 
2.57 

~ ·s '" 
p 

... I I 

.:: I' ...... '{ 'I .,., 
'" 

g 

"

~I. 0: 
....... NI' N 

- 0 - N ,..:' ....l' '" 'I 
:::: 

~ =I:il 

u 
,Jl~ 

30 
40 
60 

1.70 
1.68 
1.67 

1.99 
1.97 
1.95 

2.15 
2.13 
2.10 

.25,l
2. 
2.21 

2.33 
2.31 
2.28 

2,40
2.37 
2.35 

2.45 
2.42 
2.39 

2.50 
2.47 
2.44 

2.54 
2.51 
2.48 
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120 1.661.64 1.931.92 2.082,06 2.182,16 2.262.23 2.322.29 2.372.34 2.412.38 2.452.42 a~ C 'I "'I -I - '" .,., 0... '" "" 0:: :;; M :: '" ~ '" :: M :;;I I I I g!'l "I~ C ~H 

do..,(a _ 1.f)One-Sided ComparisoDs .£0'0 0:: - ... '" "I I - 0f' ~I·..,
II,,~ ... ... '" '" 0~"I ~ '" '" ... ...f 7 t - 0 ~ 0

.;pj 

f 

5 
6
7 

8
9 

10 
11
12 
13 
14 

3.37 
3.14
3.00 

2.90
2.82 
2.76 
2.72
2.68 
2.65 
2.62 

a-I = Number ofTreatmenl Means (excluding control)2 3 4 5 6 7 

3.90 4.21 4.43 4.60 4.73 4.85 
3.61 3.88 4.07 4.21 4.33 4.43
3.42 3.66 3.83 3.96 4.07 4.15 

3.29 3.51 3.67 3.79 3.88 3.96
3.19 3.40 3.55 3.66 3.75 3.82 
3.11 3.31 3.45 3.56 3.64 3.71 
3.06 . 3.25 3.38 3.48 3.56 3.63
3.01 3.19 3.32 3.42 3.50 3.56 
2.97 3.15 3.27 3.37 3.44 3.51 
2.94 3.11 3.23 3.32 3.40 3.46 

4.94 
4.51
4.23 

4.03
3.89 
3.78 
3.69
3.62 
3.56 
3.51 

9 

5.03 
4.59
4.30 

4.09
3.94 
3.83 
3.74
3.67 
3.61 . 
3.56 
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15 2.60 2.91 3.08 3.20 3.29 3.36 3.42 3.47 3.52 '" "" I I I ;C:i! 
16
17 

2.58
2.57 

2.88
2.86 

3.05
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18 
i9 

2.55 
2.54 

2.84 
2.83 

3.01 
2.99 

3.12 
3.10 

3.21 
3.18 

3.27 
3.25 

3.33 
3.31 

3.38 
3.36 
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20 
24
30 

2.53 
2.49
2',46 

2.81 
2.77
2.72 

2.97 
2.92
2.81 

3.08 
3.03
2.97 

3.17 
3.l1
3.05 

3.23 
3.17
3.11 

3.29 
3.22
3.16 

3.34 
3.27
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3.38 
3.31·
3.24 
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2.42
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2.36 
2.33 

2.68
2.64 

2.60 
2.56 

2.82
2.78 

2.73 
2.68 

2.92
2.87 
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2.99
2.94 

2.89 
2.84 

3.05
3.00 

2.94 
2.89 
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