
UNIVERSITY OF SWAZILAND Page 1 of 4 

DEPARTMENT OF STATISTICS AND DEMOGRAPHY 

SUPPLEMENTARY EXAMINATION, 2014/15 

COURSE TITLE: DESIGN AND ANALYSIS OF EXPERIMENTS 

COURSE CODE: ST404 

TIME ALLOWED: TWO (2) HOURS 

\, J]'lSTRUCTION: 1. ANSWER ANY FOUR QUESTIONS; 

2. EACH QUESTION CARRIES 25 MARKS. 

SPECIAL REQUIREMENTS: SCIENTIFIC CALCULATORS AND GRAPH PAPER 

DO NOT OPEN THIS PAGE UNTIL PERMISSION HAS BEEN GRANTED BY THE CHIEF 
INVIGILATOR 



Page 2 of 4 
Question 1 

Three varieties of potatoes are being compared for yield. An experiment was conducted using 9 uniform 
plots at each of the 4 different locations. Each variety of potato was planted at each location on 3 plots 
selected at random. The yields in kg/plot were as follows: 

(8 marks) 
(7 marks) 
(10 marks) 

Location Variety 
A B 

1 15 20 
19 . 24 
12 18 

2 17 29 
10 18 
13 22 

3 9 12 
12 15 
6 10 ". 

4 14 21 
8 16 
11 12 

Use 0.05 level of significance to test the hypotheses that: 
\a) There is no difference in the yielding capacities of the 3 varieties of potatoes. 
(b) Different locations have no effect on the yields. 
(b) The locations and varieties of potatoes do not interact. 

Question 2 

C 
22 
17 
14 
26 
19 
21 
10 
5 
8 
19 
15 
12 

A study was undertaken to investigate the water holding capacity of the soil in three different areas of 
Woodlands. In each area, a number of soil samples were collected randomly and sent to the same 
laboratory for analysis. The following table gives the water holding capacity (in milliliter per gram) of 
soil samples collected in each area. 

Woodlandy\: 72 51 38 87 77 65 70 66 64 74 
Woodlands B: 35 33 29 50 44 17 47 58 
Woodlands C: 54 62 88 65 80 53 

(a) State and explain a linear model, which can be used for a one-way analysis of variance. Explain 
clearly what each term in the model represents and state any assumptions required for the analysis 
to be valid. (Htt;arks) 

(b) 	Carry out a suitable analysis ofthe data, stating the assumptions you have made and explaining 
whatyou conclude as a result of your analysis. (15 marks) 
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Question 1 Page 3 of 4 

The following table presents scores of 9 college students of different ethnic backgrounds and professional 
interests who did a Mature Entry Aptitude test for admission to the University of Swaziland. 

Programme Swazi South African Zimbabwean I 

Agriculture A (75) B (86) C (69) 
Law B (95) C (79) A (86) 
Engineering C (70) A (83) .. .. . B .(93) 

I 

I 

The letter A, B, and C indicate venues in which the 9 students wrote. Analyse the data using u=0.05 and 
test the hypotheses that: 

(a) Writing in different venues has no effect on the scores of students. (9 marks) 
(b) Different ethnic background has no effect on the scores. (8 marks) 
(c) Differences in professional interests have no effect on the scores. (8 marks) 

Question 4 

(a) The effects of baking temperature on the crustiness of bread are contained in Table I. The data are 
scores from 1 to 20. 

Temperature 
\'> Low Medium High 
Batch 1 Batch 2 Batch 1 Batch 2 Batch 1 Batch 2 

4 12 14 9 14 16 

7 8 13 10 17 19 


Use an ANOVA to test for temperature effects; use a == 0.05. State the alternatives, decision rule and 
conclusion. (12 marks) 

(b) An experiment involving the case hardening of lightweight shafts machined from alloys bars of an 
alloy was run to study the effects of the amount of a chemical agent added to the alloy in a molten 
state (factor A), the temperature of the hardening process (factor B), and the time duration ofthe 
hardening process (factor C) on the outside hardness shaft. All factors were at 2 Jevels(l: low, 
2:high), and the number of rods tested for each treatment was n == 3. The data on hardness (in 
Brinell units) follow: 

= 

j = 1 j=2 j == 1 j=2 

i = 1 39.9 53.5 56.0 70.9 
32.3 50.7 56.9 73.7 
36.3 52.8 56.6 71.6 

i =2 45.2 63.3 69.4 82.9 
48.0 65.5 66.6 85.2 
47.5 63.6 68.8 82.3 

Test for three-factor interactions; use a == 0.05. State the alternatives, decision rule, and conclusions. 
(13 marks) 
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Question 5 Page 4 of4 

(a) Divide the treatment combinations of a 24 factorial experiment into four blocks by confounding ABC 
and ABD. 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? (8 marks) 
(ii) Which effects are confounded with blocks? (5 marks) 

END OF EXAM!! 
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":A:PPENDlX 607 

s: 
 111. Percentage Points of the X' Distribution' 


.995 .990 .975 .950 .SOO .050 .025 .OW .005 


1 0.00+ 0.00''1 0.00 + 0.00 + 0.45 3.84 5.'02 6.63 7.88 
"1 D.tl (f02 0.05 0.10 1.39 5.99 7.38 9.21 10.60 
3 0.07 0.11 0.22 0.35 2.37 7.81, 9.35 11.34 12.84 
4 0.21 0.30 0.48 0.71 3.36 9.49 11.14 13.28 14.86 
5 0.41 0.55 0.83 1.15 4.35 11.07 12.38 15.09 16.75 

6 0.68 0.87 1.24 1.6:1 5.35 12.59 14.45 16.81 18.55 
7 0.99 1.24 1.69 ·2.17 6.35 14.07 16,01 18,48 20.28 
8 1.34 1.65 2.18 2.73 7.34 15.51 17.53 20.09 21.96 
9 1.73 2.09 2.70 3.33 8.34 16.92 19.02 21.67 23.59 

10 2.16 • 2.56 3.25 3.94 9.34 18.31 20,48 23.21 25.19 

11 2.60 3.05 3.82 4.57 10.34 19.68 21.92 24.72 26.76 
12 3.07 3.57 4.40 5.23 11.34 21.03 23.34 26.22 28.30 
13 3.57 4.11 5.Q1 5.89 12.34 22.36 24.74 27.69 29.82 
14 4.07 4.66 5.63 6.57 13.34 23.68 26.12 29.l4 31.32 
15 4.60 5.23 6.27 7.26 14.34 25.00 27.49 30.58 32.80 

16 5.14 5.81 6.91 7.96 15.34 26.30 28.85 32.00 34.27 
17 5.70 6.41 7.56 8.67 16.34 27.59 ~O.19 33,41 35.72 
18 6.26 7.01 8.23 9.39 17.34 28.87 31.53 34.81 37.16 
19 6.84 7,63 8.91 10.12 18.34 30.14 32.85 36.19 38.58 
20 7,43 8.26 9.59 10.85 19.34 31.41 34.17 37.57 40.00 

25 
30 

10.52 

13.79 
11.52 
14.95 

13.12 
16.79 I~',18.49 

24.34 

29.34 

37.65 
43.77 

40.65 
46.98 

44.31 
50.89 

46.93 
53.67 

40 20.71 22.16 24.43 26.51 39.34 55.76 59.34 63.69 66.77 

\." 50 27.99 29.71 32.36 34.76 49.33 67.50 71.42 76.15 79.49 
60 35.53 37.48 40.48 43.19 59.33 79.08 83.30 88.38 91.95 

70 43.28 45.44 48.76 51.74 69.33 90.53 95.02 100.42 104.22 
80 51.17 53.54 57.15 60.39 79.33 101.88 106.63 112.33 116.32 
90 59.20 61.75 65.65 69.13 89.33 113.14 118.14 124.12 128.30 

100 67.33 70.06 74.22 77.93 99.33 124.34 129.56 135.81 140.17 

'II = degrees of freedo:Ql 


'Adapted with pennissiorl from Biometrika Tables for Statisticians, Vol. 1, 3rd edition by E. S. Pearson and H. O. 

Hartley, Cambridge University Press, Cambridge, 1966. 
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IV. Percentage Points of the F Distribution (continued) 
Fo.Jo.v,.v, 

"I Degrees of Freedom for tbe Numerator (v,) 

J}2 2 3 4 5 6 7 8 9 10 12 15 20 24 30 40 60 120 '" 
39.86 49.50 53.59 55.83 57.24 58.20 58.91 59.44 59.86 60.19 60.71 61.22 61.74 62.00 62.26 62.53 62.79 63.06 63.33 

2 8.53 9.00 9.16 9.24 9.29 9.33 9.35 9.37 9.38 9.39 9.41 9.42 9.44 9.45 9.46 9.47 9.47 9.48 9.49 
3 5.54 5.46 5.39 5.34 5.31 5.28 5.27 5.25 5.24 5.23 5.22 5.20 5.18 5.18 5.17 5.16 5.15 5.14 5.13 
4 4.54 4.32 4.19 4.11 4.05 4.01 3.98 3.95 3.94 3.92 3.90 3.87 3.84 3.83 3.82 3.80 3.79 3.78 3.76 

4.06 3.78 3.62 3.52 3.45 3.40 3.37 3.34 3.32 3.30 3.27 3.24 3.21 3.19 3.17 3.16 3.14 3.12 3.10 
6 3.78 3.46 3.29 3.18 3.11 3.05 3.01 2.98 2.96 2.94 2.90 2.87 2.84 2.82' 2.80 2.78 2.76 2.74 2.72 
'] 3.59 3.26 3.07 2.96 2.88 2.83 2.78 2.75 2.72 2.70 2.67 2.63 2.59 2.58 2.56 2.54 2.51 2.49 2.47 
8 3.46 3.11 2.92 2.81 2.73 2.67 2.62 2.59 2.56 2.54 2.50 2.46 2.42 2.40 2.38 2.36 2.34 2.32 2.29 
9 3.36 3.01 2.81 2.69 2.61 2.55 2.51 2.47 2.44 2.42 2.38 2.34 2.30 2.28 2.25 2.23 2.21 2.18 2.16 

10 3.29 2.92 2.73 2.61 2.52 2.46 2.41 2,38 2.35 2.32 2.28 2.24 2.20 2.18 2.16 2.13 2.1l 2.08 2.06 
11 3.23 2.86 2.66 254 2.45 2.39 2.34 2.30 2.27 2.25 221 2.17 2.12 2.10 2.08 2.05 2.03 2.00 1.97 

3.18 2.81 2.61 2.48 2.39 2.33 2.28 2.24 2.21 2.19 2.15 2.10 2.06 2.04 2.01 1.99 1.96 1.93 1.90l' 12 
15 13 3.\4 2.76 2.56 2.43 2.35 2.28 2.23 2.20 2.16 2.14 2.10 2.05 2.01 1.98 1.96 1.93 1.90 1.88 185 
~ 14 3.10 2.73 2.52 2.39 2.31 2.24 2.19 2.15 2.12 2.10 2.05 2.01 1.96 1.94 1.91 1.89 1.86 1.83 1.80 

.~ 15 3.07 2.70 2.49 2,36 2.27 2.21 2.16 2.12 2.09 2.06 2.02 1.97 1.92 1.90 1.87 1.85 1.82 1.79 1.76 

Q" 16 3.05 2.67 2.46 2.33 2.24 2.18 2.13 2.09 2.06 2.03 1.99 1.94 1.89 1.87 1.84 1.81 1.78 1.75 1.72 

.s 17 3.03 2.64 2.44 2.31 2.22 2.15 2.10 2.06 2.03 2.00 1.96 1.91 1.86 1.84 1.81 1.78 1.75 1.72 1.69 

~ 18 3.01 2.62 2.42 2.29 2.20 2.13 2.08 2.04 2.00 1.98 1.93 1.89 1.84 1.81 1.78 1.75 1.72 1.69 1.66 
E 19 2.99 2.61 2.40 2.27 2.18 2.11 2.06 2.02 1.98 1.96 1.91 1.86 1.81 1.79 1.76 1.73 1.70 1.67 1.63 
.g
II 20 2.97 2.59 2.38 2.25 2.16 2.09 2.04 2.00 1.96 1.94 1.89 1.84 1.79 1.77 1.74 1.71 1.68 1.64 1.61 

!E 21 2.96 2.57 2.36 2.23 2.14 2.08 2.02 1.98 1.95 1.9.2 1.87 1.83 1.78 1.75 1.72 1.69 1.66 1.62 1.59 
~ 22 2.95 2.56 2.35 2.22 2.13 2.06 2.01 1.97 1.93 1.90 1.86 1.81 1.76 1.73 1.70 1.67 1.64 1.60 1.57 

2.94 2.55 2.34 2.21 2.11 2.05 1.99 1.96 1.92 1.89 1.84 1.80 1.74 1.72 1.69 1.66 1.62 1.59 1.55~" 23o 24 2.93 2.54 2.33 2.19 2.10 2.04 1.98 1.94 1.91 1.88 1.83 1.78 1.73 1.70 1.67 1.64 1.61 1.57 1.53 

25 2.92 2.53 2.32 2.18 2.09 2.02 1.97 1.93 1.89 1.87 1.82 1.77 1.72 1.69 1.66 1.63 1.59 1.56 1.52 
26 2.91 2.52 2.31 2.17 2.08 2.01 1.96 1.92 1.88 1.86 1.81 ~ 1.76 1.71 1.68' 1.65 1.61 1.58 1.54 1.50 ~ 
27 2.90 2.51 2.30 2.17 2.07 2.00 1.95 1.91 1.87 1.85 1.80 1.75 1.70 1.67 1.64 1.60 1.57 1.53 1.49 t:J..... 
28 2.39 2.50 2.29 2.16 2.06 2.00 1.94 1.90 1.87 1.84 1.79 1.74 1.69 1.66 1.63 1.59 1.56 1.52 1.48 ~<: 
29 2.89 2.50 2.28 2.15 2.06 1.99 1.93 1.89 1.86 1.83 1.78 1.73 1.68 1.65 1.62 1.58 1.55 1.51 1.47 

30 2.88 2.49 2.28 2.14 2.03 1.98 1.93 1.88 1.85 1.82 1.77 1.72 1.67 1.64. 1.61 1.57 1.54 150 1.46 
40 2.84 2.44 2.23 2.09 2.00 1.93 1.87 1.83 1.79 1.76 1.71 1.66 1.61 1.57 1.54 1.51 1.47 1.42 1.38 
60 2.79 2.39 2.18 2.D4 1.95 1.87 1.82 1.77 1.74 1.71 1.66 1.60 1.54 1.51 1.48 1.44 1.40 1.35 1.29 


12Q 2.75 2.35 2.13 1.99 1.90 1.82 1.77 1.72 1.68 1.65 1.60 1.55 1.48 1.45 1.41 1.37 1.32 1.26 1.19 
 0\ 
2.71 2.30 2.08 1.94 1.85 1.77 1.72 1.67 1.63 1.60 1.55 1.49 1.42 1.38 1.34 1.30 1.24 1.17 1.00 o 

\Cl 

~~IDli!~T, 
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IV. 
~ . 

Percentage Points of the F Distribution (continued) 
FO.05.PI.v, 

C)\ 
~-' 
'C::l 

"I Degrees of Freedom lor Ibe Numerator (v,) 

J!~ 2 4 5 6 7 8 9 10 12 15 20 24 30 40 60 120 

161.4 J99.5 215.7 224.6 230.2 234.0 236.8 238.9 240.5 241.9 243.9 245.9 248.0 249.1 250.1 251.1 252.2 253.3 254.3 
2 IS.5\ 19.00' 19.16 19.25 J9.30 19.33 19.35 19.37 19.38 19.40 19.41 19.43 19.45 19.45 19.46 19.47 19.48 19.49 19.50 
3 10.13 9.55 9.28 9.12 9.01 8.94 8.89 8.85 8.81 8.79 8.74 8.70 8.66 8.64 8.62 8.59 8.57 8.55 8.53 :> 

.~ 

14 7.71 6.94 6.59 .. 6.39 6.26 6.16 6.09 6.04 6.00 5.96 5.91 5.86 5.80 5.77 5.75 5.72 5.69 5.66 5.63 :~ 

5 6.61 5.79 5.41 5.19 5.05 4.95 4.88 4.82 4.77 4.74 4.68 4.62 4.56 4.53 4.50 4.46 4.43 4.40 4.36 :~ 
6 5.99 5.14 4.76 4.53 4.39 4.28 4.21 4.15 4.10 4.06 4.00 3.94 3.87 3.84 3.81 3.77 3.74 3.70 3.67 
7 5.59 4.74 4.35 4.12 3.97 3.87 3.79 3.73 3.68 3.64 3.57 3.51 3.44 3.41 3.38 334 3.30 3.27 3.23 ~ 
8 5.32 4.46 4.07 3.84 3.69 3.58 3.50 3.44 3.39 3.35 3.28 3.22 3.l5 3.12 3.08 3.04 3.01 2.97 2.93 
9 5.12 4.26 3.86 3.63 3.48 3.37 3.29 3.23 3.18 3.14 3.07 3.01 2.94 2.9q 2.86 2.83 2.79 2.75 2.71 

10 4.96 4.10 3.71 3.48 3.33 3.22 3.14 3.07 3.02 2.98 2.91 2.85 2.77 2.74 2.70 2.66 2.62 2.58 2.54 
'11 4.84 3.98 3.59 3.36 3.20 3.09· 3.01 2.95 2.90 2.85 2.79 . 2.72 2.65 2.61 2.57 2.53 2.49 2.45 2.40 

,,' 12
'i 13 

4.75 
4.67 

3.89 
3.81 

3.49 
3.41 

3.26 
3.18 

3.11 
3.03 

3.00 
2.92 

2.91 
2.83 

2.85 
2.77 

2.80 
2.71 

2.75 
2.67 

2.69 
2.60 

2.62 
2.53 

2.54 
2.46 

2.51 
2.42 

2.47 
2.38 

2.43 
2.34. 

2.38 
2.30 

2.34 
2.25 

2.30 
2.21 

::! 
'g 
g 

14 

15 

4.GO 

4.54 

3.74 

3.68 

3.34 

3.29 

3~1I 

3.06 

2.96 

2.90 

2.85 

2.79 

2.76 

2.71 

2.70 

2.64 

2.65 

2.59 

2.60 

2.54 

2.53· 

2.48 

2.46 

2.40 

2.39 

2.33 

2.35 

2.29 

2.31 

2.25 

2.27 

2.20 

2.22 

2.16 

2.18 

2.11 

2.13 

2.07 
~ 16 4.'19 3.63 3.21 3.01 2.85 2.74 2.66 2.59 2.54 2.49 2.4i 2.35 2.28 2.24 2.19 2.15 2.11 2.06 2.01 
.,s 17 4.'15 3.59' 3.20 2.96 2.81 2.70 2.61 2.55 2.49 2.45 2.38 2.31 2.23 2.19 2.15 2.10 2.06 2.01 1.96 
.2 18 'k;;1 3.55 3.16 2.93 2.77 2.66 2.58 2.51 2.46 2.41 2.34 2.27 2.19 2.15 2.11 2.06 2.02 1.97 1.92 

E 19 4.38 3.52 3.13 2.90 2.74 2.63 2.54 2.48 2.42 2.38 2.31 2.23 2.16 2.11 2.07 2.03 1.98 1.93 1.88 
.g 
~ 20 4.35 3.49 3.10 2.87 2.71 2.60 2.51 2.45 2.39 2.35 2.28 2.20 2.12 2.08 2.04 1.99 1.95 1.90 1.84 

~ 21 4.32 3.47 3.07 2.84 2.68 2.57 2.49 2.42 2.37 2.32 2.25 2.18 2.10 2.05 2.01 1.96 1.92 1.87 1.81 

~ 22 4.30 3.44 3.05 2.82 2.66 2.55 2.46 2.40 2.34 2.30 2.23 2.15 2.07 2.03 1.98 1.94 1.89 1.84 1.78 

WJ 23 4.28 3.42 3.03 2.80 2.64 2.53 2.44 2.37 2.32 2.27 2.20 2.13 2.05 2.01 1.96 1.91 1.86 1.81 1.76 

Ci 24 4.26 3.40 3.01 2.78 2.62 2.51 2.42 2.36 2.30 2.25 2.18 2.11 2.03 1.98 1.94 1.89 1.84 \.79 1.73 

25 C4 3.39 2.99 2.76 2.60 2.49 2.40 2.34 2.28 2.24 2.16 2.09 2.01 1.96 1.92 1.87 1.82 1.77 1.71 
26 423 3.37 2.98 2.74 2.59 2.47 2.39 2.32 2.27 2.22 2.15 2.07 1.99 1.95 1.90 1.85 1.80 1.75 1.69 
27 4.21 3.35 2.96 2.73 2.57 2.46 2.37 2.31 2.25 2.20 2.13 2.06 1.97 1.93 1.88 1.84 1.79 1.73 1.67 
28 4.20 3.34 2.95 2.71 2.56 2.45 2.36 2.29 2.24 2.19 2.12 2.04 1.96 1.91 1.87 1.82 1.77 1.71 1.65 
29 4.18 3.33 2.93 2.70 2.55 2.43 2.35 2.28 2.22 2.18 ~10 2.03 1.94 1.90 1.85 1.81 1.75 1.70 1.64 

30 4.17 3.32 2.92 2.69 2.53 2.42 2.33 2.27 2.21 2.16 2.09 2.01 1.93 1.89 l.B4 1.79 1.74 1.68 1.62 
40 4.08 3.23 2.84 2.61 2.45 • 2.34 2.25 2.18 2.12 2.08 2.00 1.92 1.84 1.79 1.74 1.69 1.64 1.58 1.51 
60 4.00 3.15 2.76 2.53 2.37 2.25 2.17 2.10 2.04 1.99 1.92 1.84 1.75 1.70 1.65 1.59 1.53 1.47 1.39 

120 3.92 3.07 2.68 2.45 2.29 2.17 2.09 2.02 1.96 1.91 1.83 1.75 1.66 1.61 1.55 1.55 1.43 1.35 1.25 
3.84 3.00 2.60 2.37 2.21 2.10 2.01 1.94 l.88 1.83 1.75 1.6-'7 1.57 1.52 1.46 1.39 1.32 1.22 1.00 

...._-...__ ......---..-.--- ..---..---.~-.--.- ...--..~..-...----.-~--....--..--_....._---_. 
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IV. Percentage Points of the F Distribution (continued) 
FO•025•v,.v, 

Degrees of Freedom for the Numerator (v,)'" 
J'2 2 3 4 5 6 7 8 9 10 12 15 20 24 30 40 60 120 '" 

647.8 799.5 864.2 899.6 921.8 937.1 948.2 956.7 963.3 968.6 976.7 984.9 993.1 997.2 1001 1006 1010 1014 1018 
2 38.51 39.00 39.17 39.25 39.30 39.33 39.36 39.37 39.39 39.40 39.41 39.43 39.45 39.46 39.46 39.47 39.48 39.49 39.:10 

3 17.44 16.04 15.44 15.10 14.88 14.73 14.62 14.54 14.47 14.42 14.34 14.25 14.17 14.12 14.08 14.04 13.99 13.95 13.90 
4 I2.l2 10.65 9.98 9.60 9.36 9.20 9.07 8.98 8.90 8.84 8.75 8.66 8.56 8.51 8.46 8.41 8.36 8.31 8.26 

5 10.01 8.43 7.76 7.39 7.15 6.98 6.85 6.76 6.68 6.62 6.52 6.43 6.33 6.28 6.23 6.18 6.12 6.07 6.02 

6 S.~I 7.26 6.60 6.23 5.99 5.82 5.70 5.60 5.52 5.46 5.37 5.27 5.17 5.12 5.07 5.01 4.96 4.90 4.85 

7 2.07 6.54 5.89 5.52 5.29 5.12 4.99 4.90 4.82 4.76 4.67 4.57 4.47 4.42 4.36 4.i1 4.25 4.20 4.14 

3 7.57 6.06 5.42 5.05 4.82 4.65 4.53 4.43 4.36 4.30 4.20 4.10 4.00 3.95 3.89 3.84 3.78 3.73 3.67 

9 7.2\ 5.71 5.08 4.72 4.48 4.32 4.20 4.10 4.03 3.% 3.87 3.77 3.67 3.61 3.56 3.51 3.45 3.39 3.33 

10 6.94 5.<16 4.83 4.47 4.24 4.07 3.95 3.85 3.78 3.72 3.62 3.52 3.42 3.37 3.31 3.26 3.20 3.14 3.08 

II 672 5.26 4.63 4.28 4.04 3.88 3.76 3.66 3.59 3.53 3.43 3.33 3.23 3.17 3.12 3.06 3.00 2.94 2.83 

,,' 12 6.55 5.10 4.47 4.12 3.89 3.73 3.61 3.51 3.44 3.37 3.28 3.18 3.07 3.02 2.96 2.91 2.85 2.79 2.72 

~ l3 6,41 4.97 4.35 4.00 3.77 3.60 3.48 3.39 3.31 3.25 3.15 3.05 2.95 2.89 2.84 2.78 2.72 2.66 2.60 

i1 14 1i.30 4.86 4.24 3.89 3.66 3.50 3.38 3.29 3.21 3.15 3.05 2.95 2.84 2.79 2.73 2.67 2.61 2.55 2.49 
E 
g 15 6.20 4.77 4.15 3.80 3.58 3.413.29 3.20 3.12 3.06 2.96 2.86 2.76 2.70 2.64 2.59 2.52 2.46 2.40 
(5 16 6.12 4.69 4.08 3.73 3.50 3.34 3.22 3.12 . 3.05 2.99 2.89 2.79 2.68 2.63 2.57 2.51 2.45 2.38 2.32 

11 17 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 

.£ IS 5.98 4..56 3.95 3.61 3.38 3.22 3.10 3.01 2.93 2.87 2.77 2.67 2.56 2.50 2.44 2.38 2.32 2.?6 2.19 

fi 19 5.92 4.51 3.90 3.56 3.33 3.17 3.05 2.96 2.88 2.82 2.72 2.62 2.51 2.45 2.39 2.33 2.27 2.20 2.13 

]
u.. 

20 5.87 4.46 3.86 3.51 3.29 3.13 3.01 2.91 2.84 2.77 2.68 2.57 2.46 2.41 2.35 2.29 2.22 2.16 2.09 

':5 21 5.83 4.42 3.82 3.48 3.25 3.09 2.97 2.87 2.80 2.73 2.64 2.53 2.42 2.37 2.31 2.25 2.18 2.11 2.04 

~ 22 5.79 4.38 3.78 3.44 3.22 3.05 2.93 2.84 2.76 2.70 2.60 2.50 2.39 2.33 2.27 2.21 2.14 2.08 2.00 

~f) 23 5.75 .4.35 3.75 3.41 3.18 3.02 2.90 2.81 2.73 2.67 2.57 2.47 2.36 2.30 2.24 2.18 2.11 2.04 1.97 
24 

25 

5.72 

5.69 

4.32 

4.29 

3.72 

3.69 

3.38 

3.35 

3.15 

3.13 

2.99 

2.97 

2.87 

2.85 

2:78 

2.75 

2.70 

2.68 

2.64 

2.61 

2.54 

2~1 

2.44 

2.41 

2.33 

2.30 

2.27 

2.24 

2.21 

2.18 

2.15 

2.12 

2.08 

2.05 

2.01 

1.98 

1.94 

1.91 
>
'" 26 

27 

5.(,6 
5.63 

4.27 
4.24 

3.67 

3.65 

3.33 

3.31 

3.10 

3.08 

2.94 

2.92 

2.82 

2.80 

2.73 

2.71 
2.65 
2.63 

2.59 
2.57 

2.49 

2.47 

2.39 
2.36 

2.28 

2.25 

2.22 

2.19 

2.16 
2.13 

2.09 

2.07 

2.03 

2.00 

1.95 

1.93 

1.88 
1.85 

~ 
Z 
t:J 

2& 5.61 4.22 3.63 3.29 3.06 2,90 2.78 2.69 2.61 2.55 2.45 2.34 2.23 2.17 2.11 2.05 1.98 1.91 1.83 ;;< 
29 5.59 4.20. 1.61 3.27 3.04 2.88 2.76 2.67 2.59 2.53 2.43 2.32 2.21 2.15 2.09 2.03 1.96 1.89 1.81 

30 5.57 4.18 3.59 3.25 3.03 2.87 2.75 2.65 2.57 2.51 2.41 2.31 2.20 2.14 2.07 2.01 1.94 1.87 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 2.18 2.07 2.01 1.94 1.88 1.80 1.72 1.64 

60 52<) 3.93 3.34 3.01 2.79 2.63 2.51 2.41 2.33 2.27 2.1.7 2.06 1.94 1.88 1.82 1.74 1.67 1.58 1.48 

120 5.\5 3.80 3.23 2.89 2.67 2.52 2.39 2.30 2.22 2.16 2.05 1.94 1.82 1.76 1.69 1.61 1.53 1.43 1.31 0\ 
5.02 3.69 3.12 2.79 2.57 2.41 2.29 2.19 2.11 2.05 1.94 1.83 1.71 1.64 1.57 1.48 1.39 1.27 1.00 >-' .... 

tif~B\j['iWi'?:·:-:-~~D· ..T.-;:-:~·:7"'7 
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IV. Percentage Points of the F Distribution (continued) 0"1 

I-' 
FO.01 ••,.v, t-..J 

", Degrees of Freedom for Ihe Numerntor (v,) 

I I/~ 2 4 5 6 7 9 10 12 15 20 24 30 40 60 120 

4052 4999.5 5403 5625 5764 5859 5928 5982 6022 6056 6106 6157 6209 6235 6261 6287 6313 6339 6366 

t 2 98.50 99.00 99.17 99.25 99.30 99.33 99.36 99.37 99.39 99.40 99.42 99.43 99.45 99.46 99.47 99.47 99.48 99.49 99.50 

• ~,.34.12 30.82 29.46 28.71 28.24 27.91 27.67 27.49 27.35 27.23 27.05 26.87 26.69 26.00 26.50 26.41 26.32 26.22 26.13 - o 

":,1
4 21.20 18.00 16.69 15.98 15.52 15.21 14.98 14.80 14.66 14.55 14.37 14.20 14.02 13.93 13.84 13.75 13.65 13.56 13.46 ,.....1" 

~Tj 
~ 5 16.26 13.27 12.06 11.39 10.97 10.67 10.46 10.29 10.16 10.05 9.89 9.72 9.55 9.47 9.38 9.29 9.20 9.11 9.02 Z 

I 
~ 

6 13.75 10.92 9.78 9.15 8.75 8.47 8.26 8.10 7.98 7.87 7.72 7.56 7.40 7.31 7.23 7.14 7.06 6.97 6.88~ 
7 12.25 9.55 8.45 7.85 7.46 7.19 6.99 6.84 6.72 6.62 6.47 6.31 6.16 6.07 5.99 5.91 5.82 5.74 5.65 ~ 
8 11.26 8.65 7.59 7.01 6.63 6.37 6.18 6.03 5.91 5.81 5.67 5.52 5.36 5.28 5.20 5.12 5.03 4.95 4.86 

9 10.56 8.02 6.99 6.42 6.06 5.80 5.61 5.47 5.35 5.26 5.11 4.96 4.81 4.n 4.65 4.57 4.48 4.40 4.31 

10 10.04 7.56 6.55 5.99 5.64 5.39 5.20 5.06 4.94 4.85 4.71 4.56 4.41 4.33 4.25 4.17 4.08 4.00 3.91 


i.~ II 9.65 7.21 6.22 5.67 5.32 5.07 4.89 4.74 4.63 4.54 4.40 4.25 4.10 4.02 3.94 3.86 3.78 3.69 3.60 


r 
~:. 
.~ 1: 12 9.33 6.93 5,95 5.41 5.06 4.82 4.64 4.50 4.39 4.30 4.16 4.01 3.86 3.78 3.70 3.62 3.54 3.45 3.36 

~ 13 9.07 6.70 5.14 5.21 4.86 4.62 4.44 4.30 4.19 4.10 3.96 3.82 3.66 3.59 3.51 3.43 3.34 3.25 3.17 
~ 14 8.86 6.51 5.56 5.04 4.69 4.46 4.28 4.14 4.03 3.94 3.80 3.66 3.51 3.43 3.35 3.27 3.18 3.09 3.00.§ 
g 15 8.68 6.36 5.42 4.89 4.56 4.32 4.14 4.00 3.89 3.80 3.67 3.52 3.37 3.29 3.21 3.13 3.05 2.96 2.87 

Q" 16 3.53 6.23 5.29 4.77 4.44 4.20 4.03 3.89 3.78 3.69 3.55 3.41 3.26 3.18 3.10 3.02 2.93 2.84 2.75 

-E 17 SAO 6.11 5.18 4.67 4.34 4.10 3.93 3.79 3.68 3.59 3.46 3.31 3.16 3.08 3.00 2.92 2.83 2.75 2.65 

.3 18 3.29 6.01 5.09 4.58 4.25 4.01 3.84 3.71 3.60 3.51 3.37 3.23 3.08 3.00 2.92 2.84 2.75 2.66 2.57 

g 19 8.18 5.93 5.01 4.50 4.17 3.94 3.77 3.63 3.52 3.43 3.30 3.15 3.00 2.92 2.84 2.76 2.67 2.58 2.49 

"" '"~ 20 8.10 5.85 4.94 4.43 4.10 3.87 3.70 3.56 3.46 3.37 3.23 3.09 2.94 2.86 2.78 2.69 2.61 2.52 2.42 u.. 
'0 21 8.02 5.78 4.87 4.37 4.04 3.81 3.64 3.51 3.40· 3.31 3.17 3.03 2.88 2.80 2.72 2.64 2.55 2.46 2.36I 
u 

~ 22 7.95 5.72 4.82 4.31 3.99 3.76 3.59 3.45 3.35 3.26 3.12 2.98 2.83 2.75 2.67 2.58 2.50 2.40 2.31 
u 
~o 23 7.88 5.66 4.76 4.26 3.94 3.71 3.54 3.41 3.30 3.21 3.07 2.93 2.78 2.70 2.62 2.54 2.45 2.35 2.26 
u 

Q 24 7.82 5.61 4.72 4.22 3.90 3.67 3.50 3.36 3.26 3.17 3.03 2.89 2.74 2.66 2.58 2.49 2.40 2.31 2.2l 

25 7.77 5.57 4.68 4.18 3.85 3.63 3.46 3.32 3.22 3.13 2.99 2.85 2.70 2.62 2.54 2.45 2.36 2.27 2.17 
~ 

26 7.72 5.53 4.64 4.14 3.82 3.59 3.42 3.29 3.18 3.09 2.96 2.81 2.66 2.58 2.50 2.42 2.33 2.23 2.13 
~ 27 7.68 5.49 4.60 4.11 3.78 3.56 3.39 3.26 3.15 3.06 2.93 2.78 2.63 2.55 2.47 2.38 2.29 2.20 2.10v " 28 7.64 5.45 4.57 4.07 3.75 3.53 3.36 3.23 3.12 3.03 pO 2.75 2.60 2.52 2.44 2.34 2.26 2.17 2.06~~ 

29 7.60 5.42 4.54 4.04 3.73 3.50 3.33 3.20 3.09 3.00 2.87 2.73 2.57 2.49 2.41 2.33 2.23 2.14 2.03 

r 
~.\ 

30 7.56 5.39 4.51 4.02 3.70 3.47 3.30 3.17 3.07 2.98 2.84 2.70 2.55 2.47 2.39 2.30 2.21 2.11 2.01 

40 7.31 5.18 4.31 3.83 3.51 3.29 3.12 2.99 2.89 2.80 2.66 2.52 2.37 2.29 2.20 2.11 2.02 1.92 1.80 

60 7.08 4.98 4.13 3.65 3.34 3.12 2.95 2.82 2.72 2.63 2.50 2.35 2.20 2.12 2.03 1.94 1.84 1.73 1.60 

120 6.85 4.79 3.95 3.48 3.17 2.96 2.79 2.66 2.56 2.47 2.34 2.1.9 2.03 1.95 1.86 1.76 1.66 1.53 1.38 
6.63 4.61 3.78 3.32 3.02 2.80 2.64 2.51 2.41 2.32 2.18 2.04 1.88 1.79 1.70 1.59 1.47 132 1.00 r 

f 
~. 

rI~ 
~ 
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VII. Percentage Points of the Studentized Range Statistic" 
qo.O] (p,f) 

p 

f 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 

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 17.1 17.5 17.9 18.2 18.5 18.8 19.1 19.3 19.5 19.8 

4 6.51 S.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 
5 5.70 6.97 7.80 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 8.17 837 8.55 8.71 8.86 9.00 9.12 9.24 935 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 $.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 8.32 8.41 8,49 8.57 

10 4.48 5.27 5.77 6.14 6.43 6.67 6.87 . 7.05 7.21 736 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 5.84 6.10 6.32 6.51 6.67 6.81 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 6.19 637 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 6.77 6.87 6.96 7.05 7.12 7.20 7.27 7.33 739 

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 6.3~ 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 5.09 538 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.d 6.19 6.26 6.33 6.39 6.45 6.51 6.56 6.61 
;J' 
~'::.! ....., 

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 ~ 
,t.. 

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 tJ 
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 5.84 5.89 5.93 5.98 6.02 S;~ 

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 
00 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 == degress of freedom. 
0'."From r M. May, "Extended and COlTected Tables of the Upper Percentage Points of the Studentized Range:' Biometriki;z. Vol. 39. pp. 192-193. 1952. Reproduced by permission of the \,~ 

trustees of Hoiol1lerrika. >-' 
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VII. Percentage Points of the Studentized Range Statistic (continued) 
t·.)""' qo.os(P,f) . 	 ~. 

p 

f 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 


18.1 26.7 32.8 37.2 40.5 43.1 45.4 47.3 49.1 50.6 51.9 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 6.83 751 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 :s 

~I 

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 9.03 9.14 9.24 "'.t~ ,,..., I
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 8.03 8.12 8.21 :>< 
6 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 6.7~ 6.84 6.93 7.01 7.08 7.16 I 

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 5.72 5.79 5.85 5.91 5.96 

16 3.00 3.65 4.05 4.34 4.56 4.74 4.90 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 3.84 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 4.81 4.88 4.94 5.00 5.06 5.11 5.15 5.20 5.24 

120 	 2.80 3.36 3.69 3.92 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 
co 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 

,. ¥ ""'_~"""""""""''''''''''~''~3__...........I........;,_.•".,."_......,.",.'''"",,,l,."."....·.. ·'.·"·".e .. '.d.·..,...".....". ••'....-....--.,.--,...- ..'......"<.....~h,__ ~............""~_.'fO<.. , .....~"__... _,___-..... ~ ' ........ ,""'..._.,..."_.,.......~,~.,, 
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VIII. Critical Values for Dunnett's Test for Comparing Treatments with a Control" 

do.os(a - 1,f) 


Two-Sided Comparisons 


a .r 1 == Number of Treatment Means (excluding control) 

2 3 4 5 6 7 8 

5 2.57 3.03 3.29 3,48 3.62 3.73 3.82 3.90 3.97 
6 2,45 2.86 3.10 3.26 3.39 3,49 3.57 3.64 3.71 
7 2.36 2:75 2.97 3.12 3.24 3.33 3.41 3.47 3.53 
8 2.31 2.67 2.88 3.02 3.13 3.22 3.29 3.35 3,41 
9 2.26 2.61 2.81 2.95 3.05 3.14 3.20 3.26 3.32 

10 2.23 2.57 2.76 2.89 2.99 3.07 3.14 3.19 3.24 
11 2.20 2.53 2.72 2.84 2.94 3.02 3.08 3.14 3.19 
12 2.18 2.50 2.68 2.81 2.90 2.98 3.04 3.09 3.14 
13 2.16 2,48 2.65 2.78 2.87 2.94 3.00 -3.06 3.10.
14 2.14 2.46 2.63 2.75 2.84 2.91 2.97 3.02 3.07 

15 2.13 2.44 2.61 2.73 2.82 2.89 2.95 3.00 3.04 
16 2.12 2.42 2.59 2.71 2.80 2.87 2.92 2.97 3.02 
17 2.11 2.41 2.58 2.69 2.78 2.85 2.90 2.95 3.00 
18 2.10 2.40 2.56 2.6S 2.76 2.83 2.89 2.94 2.98 
19 2.09 2.39 2.55 2.66 2.75 2.81 2.87 2,92 2.96 .\.. I'.." 

a-I = Number of Treatment Means (excluding control) 
'. 

\ '''; f 1 2 3 4 5 6 7 8 9 :: 

5 4.03 4.63 4.98 5.22 5.41 5.56 5.69 5.80 5.89 I6 3.71 4.21 4.51 4.71 4.87 5.00 5.10 5.20 5.28 i": 
7 3.50 3.95 4.21 4.39 4.53 4.64 4.74 4.82 4.89 
8 3.36 3.77 4.00 4.17 4.29 4.40 4.48 4.56 4.62 
9 3.25 3.63' 3.85 4.01 4.12 4.22 4.30 4.37 4.43 

10 3.17 3.53 3.74 3.88 3.99 4.08 4.16 4.22 4.28 
11 3.11 3.45 3.65 3.79 3.89 3.98 4.05 4.11 4.16 

Il~ 
12 3.05 3.39 3.58 3.71 3.81 3.89 3.96 4.02 4.07 
13 3.01 3.33 3.52 3.65 3.74 3.82 3.89 3.94 3.99 ~~ 
14 2.98 3.29 3.47 3.59 3.69 3.76 3.83 3.88 3.93 

15 2.95 3.25 3.43 3.55 3.64 3.71 3.78 3.83 3.88 
16 2.92 3.22 3.39 3.51 3.60 3.67 3.73 3.78 3.83 ~ 17 2.90 3.19 3.36 3.47 3.56 3.63 3.69 3.74 3.79 
18 2.88 3.17 3.33 3.44 3.53 3.60 3.66 3.71 3.75 

.~.19 2.86 3.15 3.31 3.42 3:50 3.57 3.63 3.68 3.72 ~ 
r 
V.20 2.85 3.13 3.29 3.40 3,48 3.55 3.60 3.65 3.69 i" 

24 2.80 3.07 3.22 3.32 3.40 3.47 3.52 3.57 3.61 I. 
j

30 2.75 3.01 3.15 3.25 3.33 3.39 3.44 3.49 3.52 I
40 2.70 2.95 3.09 3.19 3.26 3.32 3.37 3.41 3.44 ! 
60 2.66 2.90 3.03 3.12 3.19 3.25 3.29 3.33 3.37 

~ ')'120 2.62 .2.85 2.97 3.06 3.12 3.18 3.22 .,)._0 3,29 
GO 2.58 2.79 2.92 3.00 3.06 3.11 3.15 3.19 3.22 

, 
... '.::0-", .. ' 

f =degrees of freedom. 
)" 

'Reproduced with permission from C. W. Dunnett, "New Tables for Multiple Comparison with a Control," Biomet- l . 
dcs, Vol. 20, N,2; ;!.'.1964, and from C. W. Dunnett, "A Multiple Comparison Procedure for Comparing Several , 

;. 
Treatments with a Control," loumal ofthe American Statistical Association, Vol. 50, 1955. ~' 

20 2.09 2.38 2.54 2.65 2.73 2.80 2.86 2.90 2.95 
24 2.06 2.35 2.51 2.61 2.70 2.76 2.81 2.86 2.90 
30 2.04 2.32 2.47 2.58 2.66 2.72 2.77 2.82 .. 2..86 
40 2.02 2.29 2.44 2.54 2.62 2.68 ,. 2.73 2.77 2.81 
60 2.00 2.27 2.41 2.51 2.58 2.64 2.69 2.73 2.77 

120 1.98 2.24 2.38 2.47 2.55 2.60 2.65 2.69 2.73 
00 1.96 2.21 2.35 2.44 2.51 2.57 2.61 2.65 2.69 

dO.Ol(a - 1,f) 
Two-Sided Comparisolis 
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! 
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VIII. 	 Critical Values for Dunnett's Test for Comparing Treatments ',vith a Control (continued) 


do.os{a 1.J) 

One-Sided Comparisons 	 1 

Ia-I = Number of Treatment Means (excluding controD 	 , 
2 3 4 5 6 7 8 9 	 i"i 

I5 2.02 2.44 2.68 2.85 3.08 3.16 3.24 3.30 . 
6 1.94 2.34 2.56 2.71 2.83 2.92 3.00 3.07 3.12 
7 1.89 2.27 2.48 2.62 2.73 2.82 2.89 2.95 3,01 	 i. 
8 1.86 2.22 2.42 2.55 2.66 2.74 2.81 2.87 2.92 	 I 
9 1.83 2.18 2.37 2.50 2.60 2.68 2.75 2.81 2.86 

I 
1 

10 1.81 2.15 2.34 2.47 2.56 2.64 2.70 2.76 2.81 
11 1.80 2.13 2.31 2.44 2.53 2.60 2.67 2.72 2.77 
12 1.78 2.11 2.29 2.41 2.50 2.58 2.64 '2.69 2.74 I13 1.77 2.09 2.27 2.39 2.48 2.55 2.61 2.66 2.71 
14 1.76 2.08 2.25 2.37 2.46 2.53 2.59 2.64 2.69 j 
15 1.75 2.07 2.24 2.36 2.44 2.51 2,57 2.62 2.67 	 {
16 1.75 2.06 2.23 2.34 2.43 2.50 2.56 2.61 2.65 
17 1.74 2.05 2.22 2.33 2.42 2.49 2.54 2.59 2.64 
18 1.73 2.04 2.21 2.32 2.41 2.48 2.53 2.58 2.62 
19 1.73 2.03 2.20 2.31 2.40 2.47 2.52 2.57 2.61 

20 1.72 2.03 2.19 2.30 2.39 2.46 2.51 2.56 2.60 
24 1.71 2.01 2.17 2.28 2.36 2.43 2.48 ,2.53 2.57 
30 1.70 1.99 2.15 2.25 2.33 2.40 2.45 2.50 2.54 
40 1.68 1.97 2.13 2.23 2.31 2.37 2.42 2.47 2.51 
60 1.67 1.95 2.10 2.21 2.28 2.35 2.39 2.44 2.48,. 

120 1.66 1.93 2.08 	 2.18 2.26 2.32 2.37 2.41 2.45 
<Xl 1.64 1.92 2.06 2.16 	 2.23 2.29 2.34 2.38 2.42 

do.ol(a - 1,f) 
One-Sided Comparisons 

a-I = Number of Treatment Means (excluding control) 

1 2 3 4 5 6 7 8 9 

\'': 3.37 3.90 4.21 4.43 4.60 4.73 4.85 4.94 5.03 
6 3.14 3.61 3.88 4.07 4.21 4.33 4.43 4.51 4.59 
7 3.00 3.42 3.66 3.83 3.96 4.07 4.15 4.23 4.30 
8 2.90 3.29 3.51 3.67 3.79 3.88 3.96 4.03 4.09 
9 2.82 3.19 3.40 3.55 3.66 3.75 3.82 3.89 3.94 

10 2.76 3.11 3.31 . 3.45 3.56 3.64 3.71 3.78 3.83 
11 2.72 3.06 3.25 3.38 3.48 3.56 3.63 3.69 3.74 
12 2.68 3.01 3.19 3.32 3.42 3.50 3.56 3.62 3.67 
13 2.65 2.97 3.15 3.27 3.37 3.44 3.51 3.56 3.61 
14 2.62 2.94 3.11 3.23 3.32 3.40 3.46 3.51 3.56

15 2.60 2.91 3.08 3.20 3.29 3.36 3.42 3.47 3.52 
16 2.58 2.88 3.05 3.17 3.26 3.33 3.39 3.44 3.48 
17 2.57 2.86 3.03 3.14 3.23 3.30 3.36 3.41 3.45 
18 2.55 2.84 3.01 3.12 3.21 3.27 3.33 3.38 3.42 "~ 19 2.54 2.83 2.99 3.10 3.18 3.25 3.31 3.36 3.40 ! 
20 2.53 2.81 2.97 3.08 3.17 3.23 3.29 3.34 3.38 
24 2.49 2.77 2.92 3.03 3.11 3.17 3.22 3.27 3.31 
30 2.46 2.72 2.87 2.97 3.05 3.11 3.16 3.21 3.24 
40 2.42 2.68 2.82 2.92 2.99 3.05 3.10 3.14 3.18 
60 2.39 2.64 2.78 2.87 2.94 3.00 3.04 3.08 3.12 

120 2.36 2.60 2.73 2.82 2.89 2.94 2.99 3.03 3.06 
00 2.33 2.56 2.6R 277 2.84 2.89 2.93 2.97 3.00 



t. 

IX. -Coefficients of Orthogonal Polynomials' 

n 3 n=4 n=5 n=6 It 7 

X-l PI P2 PI P2 P3 PI P2 Pl P4 PI P2 p] P4 Ps PI P2 P3 P4 P5 P6 

1 -1 -3 -1 -2 2 -5 5 -5 -1 -3 5 -1 3 -1 1 

2 o -2 -1 3 1 -1 2 -4 -3 -1 7 -3 5 -2 o -7 4 -6 
3 1 -1 -3 o -2 0 6 -1 -4 4 2 -10 '-1 -3 1 1 -5 15 
4 3 -1 -2 -4 -4 -4 2 10 0 -4 o 6 o -20 
5 2 2 1 3 -1 -7 -3 -5 -3 -1 5 15 
6 5 5 5 2 o -1 -7 --'::'4 -6 
7 3 5 3 

~ (p;(Xj)F 2 6 20 4 20 10 14 10 70 70 84 180 28 252 28 84 6 154 84 924 
Jdl 

10 s 35 3 s 7 21 I 7 7 71A 3 2 T 1; Iz 2 2: i Iz TO 6 Iz 20 00 jl:-i: 

n=8 n=9 n ='10 
Xj PI P2 p] P4 Ps P6 PI P2 PJ P4 Ps P6 PI P2 P3 P4 Ps P6 

-7 7 -7 7-7 1 -4 28 -14 14 -4 4 -9 6 -42 18 -6 3 
2 -5 1 5 -13 23 -5 -3 7 7 -21 11 -17 -7 2 14 -22 14-11 
3 -3 -3 7 -3 -17 9 -2 -8 13 -11 -4 22 -5 -1 35 -17 -1 10 
4, -1 -5 3 9 -15 -5 1 17 9 9 -9 1 -3 -3 31 3 -11 6 
5 1 -5 -3 9 15 -5 0 -20 0 18 0 -20 -1 -4 12 18 -6 -8 >
6 3 -3 -7 -3 17 9 -17 -9 9 ~ 1 -4 -12 18 6 -8 '"0 

7 5 1 -5 -13 -23 -5 2 -8 -13 -11 4 22 3 -3 -31 3 11 6 ~ 
8 7 7 7 7 7 3 7 -7 -21 -11 -17 5 -1 -35 -17 1 10 8 
9 4 28 14 14 4 4 7 2 -14 -22 -14 -11 X 

10 9 6 42 18 6 3 

±(Pi(Xj»)2 168 168 264 616 2184 264 60 2772 990 2002 468 1980 330 132 8580 2860 780 660 
j~1 , ,2 7 7 II 7 J II I 5 I IIA 2 1 3 23" Iz to 60 1; i2 20 00 2: 3 Iz to 2~O Q.

N 
•Adapted with permission from Biometrika Tables for Statisticialls, Vol. I, 3rd edition by E. S. Pearson and H. O. Hartley, Cambridge University Press, Cambridge, 1966. VI 
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