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1. Question
(a) Discuss the following concepts as used in experimental design:
1. Treatment
Experimental units
Responses
Randomization

G Lo

Confounding
(15 marks, (3@))

(b) Briefly discuss two examples that could best distinguish an experimental unit and a
measurement unit.
(Hint: One example should be agricultural and the other educational) (5 marks)

2. Question
The viscosity of a liquid detergent is supposed to average 800 units at 25°c. A random sample
of 16 batches of detergent is collected, and the average viscosity is 812 units. Suppose we know
that the standard deviation of viscosity is ¢ = 25 units.

(a) State the hypotheses that should be tested. (2 marks)
(b) Test these hypotheses using o = 0.05. What are your conclusions? (10 marks)
(c) What is the p-value for the test in part (b)? (3 marks)
(d) Find a 95% confidence interval on the mean. (5 marks)



3. Question

The tensile strength of portland cement is being studied. Four different mixing techniques can
be used economically. The data in Table 1 have been collected

Table 1: Results of Tensile strength and Mixing Techniques

Mixing Technique

Tensile Strength

1

2
3
4

3129 3000 2865 2890
3200 3300 2975 3150
2800 2900 2985 3050
2600 2700 2600 2765

(a) Construct an appropriate ANOVA table.

(13 marks)

(b) Test the hypothesis that mixing techniques affect the strength of the cement. Use a =
0.05. What are your conclusions?

4. Question

(7 marks)

An experiment is conducted to compare four different mixtures of the components oxidizer,
binder, and fuel used in the manufacturing of rocket propellant. To compare the four mixtures,
five different samples of propellant are prepared from each mixture and readied for testing.
Each of five investigators is randomly assigned one sample of each of the four mixtures and
asked to measure the propellant thrust. These data are summarized in the table below. Use

a = 0.05.

Investigator

Mixture 1 2 3 4 5
1 2,340 2,355 2,362 2,350 2,348
2 2,658 2,650 2,665 2,640 2,653
3 2,449 2,458 2,432 2,437 2,445
4 2,403 2,410 2,418 2,397 2,405

Figure 1: Table of values

(a) Construct a general ANOVA display for the randomized complete block design (RCBD),
clearly defining all variables being used. (No calculation required).

(8 marks)

(b) Suppose that there are a treatments (factor levels) and b blocks. Write an effects model

for the RCBD.

(c) State the appropriate hypotheses for the experiment.

(5 marks)
(2 marks)



(d) Using the information in the output given in the ANOVA table below, test the hypotheses
stated in part (¢). What are your conclusions?

Tests of Between-Subjects Effects

Dependent Variable: Thrust

Type lll Sum
Source df of Squares | Mean Square F Siq.
treatment 3 | 261260.9500 87086.9833 |1264.7269 0000
block 4 452.5000 113.1250 1.6429 2273
Error 12 826.3000 68.8583
Corrected Total 18 | 262539.7500

Figure 2: General ANOVA table for a RCBD

(5 marks)



5. Question
Here we quote an experiment that had been designed as a Latin square. The skins of rabbits’
backs were inoculated with a diffusing factor in six separate sites. Six rabbits were therefore
used and the order in which the sites were inoculated was done six different ways. The outcome
measured was area of blister (¢m). The overall objective was to see whether or not the order
of administration affected this outcome. The experimental design and data are represented in
the Latin square below.

Rabbit
1 2 3 4 &5 6
a i Y [\ vi i
79 87 74 74 71 82
b iv i vi v iii i

75 81 6 64 62 75
Position
d vi i i i [\Y)
69 85 68 77 85 85

e i v i iii \Y Vi
67 99 73 64 64 73

fov vi i v i iii
73 83 73 58 64 77

Figure 3: Latin Square Design and Data

(a) You are required to construct a test workbook (ANOVA worksheet: Observations; Rabbit;
Position; Order). (8 marks)



(b) From the Latin square test presented below, discuss the research findings (Strictly stick

to the objective of the research as stated).

Factors: Rabbit, Position, Order.

Source of Variation Sum Squares DFE
Rows 3.833333 5
Columns 12.833333 5
Treatments 0.563333 5
Residual 13.13 20
Total 30.36 35

F (rows) = 1.167809, P = .3592

F (columns) = 3.909622, P = .0124

F (treatments) = 0.171617, P = 9701

Mean Squa

0.766667
2.566667
0.112667
0.6565

Figure 4: Results table for the Latin square design

(c) Discuss the concepts of a Latin Square design.

END

(5 marks)

(7 marks)



STANDARD NORMAL DISTRIBUTION: Table Values Represent AREA to the LEFT of the Z score.

Z .00 .01 .02 .03 04 .05 .06 .07 .08 .09
0.0 | .50000 .50399 .50798 51197 51595 51994 .52392 .52790 .53188 .53586
0.1 | .53983 .54380 54776 55172 .55567 .55962 .56356 .56749 57142 57535
0.2 | .57926 58317 .58706 .59095 .59483 .59871 .60257 .60642 .61026 .61409
03 | .61791 62172 .62552 .62930 .63307 .63683 .64058 .64431 .64803 .65173
0.4 | .65542 .65910 .66276 .66640 .67003 67364 67724 .68082 .68439 .68793
0.5 | .69146 69497 .69847 70194 .70540 .70884 71226 71566 71904 72240
0.6 | .72575 72907 73237 73565 73891 74215 74537 74857 75175 75490
0.7 | .75804 76115 76424 76730 77035 77337 77637 77935 .78230 78524
0.8 | .78814 79103 79389 79673 79955 .80234 .80511 .80785 .81057 81327
0.9 | .8159%4 .81859 .82121 .82381 .82639 .82894 .83147 .83398 .83646 .83891
1.0 | .84134 .84375 .84614 .84849 .85083 .85314 .85543 .85769 .85993 .86214
1.1 | .86433 .86650 .86864 .87076 .87286 .87493 .87698 .87900 .88100 .88298
1.2 | .88493 .88686 .88877 .89065 .89251 .89435 .89617 .89796 .89973 .90147
1.3 | .90320 .90490 90658 .90824 .90988 91149 91309 .91466 91621 91774
1.4 | 91924 .92073 .92220 92364 .92507 92647 92785 .92922 .93056 .93189
1.5 | .93319 .93448 .93574 .93699 .93822 .93943 .94062 94179 .94295 .94408
1.6 | .94520 .94630 .94738 .94845 .94950 .95053 95154 95254 95352 .95449
1.7 | .95543 .95637 95728 95818 .95907 .95994 .96080 .96164 .96246 96327
1.8 | .96407 .96485 .96562 96638 96712 96784 .96856 96926 .96995 .97062
1.9 | .97128 .97193 97257 .97320 97381 .97441 .97500 97558 97615 .97670
2.0 | 97725 97778 97831 97882 97932 .97982 .98030 .98077 98124 98169
2.1 | 98214 98257 .98300 98341 .98382 .98422 .98461 .98500 .98537 98574
2.2 | 98610 .98645 98679 98713 .98745 98778 .98809 .98840 .98870 .98899
2.3 | .98928 .98956 .98983 99010 .99036 .99061 .99086 99111 99134 99158
2.4 | 99180 .99202 .99224 .99245 99266 .99286 .99305 .99324 .99343 .99361
2.5 | 99379 .99396 .99413 .99430 .99446 .99461 99477 .99492 .99506 .99520
2.6 [ .99534 .99547 99560 99573 .99585 99598 99609 .99621 .99632 .99643
2.7 | 99653 .99664 99674 .99683 .99693 .99702 99711 .99720 99728 .99736
2.8 | .99744 99752 .99760 .99767 99774 99781 99788 .99795 99801 99807
2.9 [ 99813 99819 .99825 .99831 .99836 .99841 .99846 .99851 .99856 .99861
3.0 | .99865 .99869 99874 99878 .99882 .99886 .99889 .99893 .99896 .99900
3.1 | .99903 .99906 99910 99913 99916 .99918 99921 .99924 .99926 .99929
3.2 | 99931 99934 .99936 .99938 .99940 .99942 .99944 .99946 .999438 .99950
3.3 | .99952 99953 .99955 .99957 99958 .99960 .99961 .99962 .99964 .99965
3.4 | .99966 .99968 .99969 .99970 .99971 99972 .99973 99974 99975 .99976
3.5 | 99977 .99978 99978 .99979 .99980 99981 99981 .99982 .99983 .99983
3.6 | 99984 .99985 99985 .99986 .99986 .99987 99987 99988 .99988 .99989
3.7 | .99989 .99990 99990 .99990 .99991 99991 99992 .99992 .99992 .99992
3.8 | .99993 .99993 .99993 .99994 .99994 .99994 99994 99995 .99995 99995
3.9 | .99995 .99995 .99996 .99996 .99996 .99996 .99996 .99996 .99997 .99997




Statistical Tables for Students Normal

Table 5 Normal distribution — inverse cumulative distribution function

050 0.0000 060 0.2533 070 0.5244 080 0.8416 090 1.2816 099 2.3263
051 0.0251 061 0.2793 071 0.5534 081 0.8779 091 1.3408 0991 2.3656
052 0.0502 062 0.3055 072 0.5828 082 0.9154 092 1.4051 0992 2.4089
053 0.0753 063 0.3319 073 0.6128 083 0.9542 093 1.4758 0993 2.4573
054 0.1004 064 0.3585 074 0.6433 084 0.9945 094 1.5548 0994 2.5121
055 0.1257 065 0.3853 075 0.6745 085 1.0364 095 1.6449 0995 2.5758
056 0.1510 066 0.4125 076 0.7063 08 1.0803 096 1.7507 099 2.6521
057 0.1764 067 0.4399 077 0.7388 087 1.1264 097 1.8808 0997 2.7478
058 0.2019 068 0.4677 078 0.7722 088 1.1750 0975 1.9600 0998 2.8782
059 0.2275 069 0.4958 079 0.8064 089 1.2265 098 2.0537 0999 3.0902




t Table

cum. prob t 5o trs t 80 tgs t.so t.os t.ors t.g9 t 995 t 999 t 9995
one-tail 0.50 0.25 0.20 0.15 0.10 0.05 0.025 0.01 0.005 0.001 0.0005|
two-tails 1.00 0.50 0.40 0.30 0.20 0.10 0.05 0.02 0.01 0.002 0.001

df
1 0000 1.000 1376 1.963 3.078 6.314 1271  31.82 6366 31831 636.62
2| 0000 0816 1.061 1.386 1.886 2.920 4303 6.965 9.925 22327 31.599
3| 0000 0765 0978 1250 1.638 2353 3182 4541 5841 10215 12.924
4 0000 0741 0941  1.190  1.533 2132 2776 3.747 4604 7173 8610
5 0000 0727 0920 1156 1476 2015 2571 3365 4032 5893  6.869
6] 00007 0718  01806° 134 " 1 4408 a3 o R 0y s R e R
717 0000 (0741 - 10:896 % 1419 1415 ¢ 1895 12365 1 219981 134900 4785 5408
8 0000: 0706  0:889 108" i 1397« 15860 . 2306 2896 7 3355 5041
¢ 9|7 0000 550703 . 0883 1100 1883 {838 2960 2801 L3060 4007 ¢ 4i78]
~10)710:000, 1 £0.700. 0 0.879. | 110931 1372 1812 | 2228 i 2764 3169 41 4,587
11 0.000 0697 0876 1.088 1.363 1796 2201 2718  3.106 4.437
12 0000 0695 0.873 1083 135 1782 2179 2681  3.055 ; 4.318
13 0000 0694 0870 1.079 1350 1.771 2160 2650 3.012 3.852  4.221
14/ 0.000 0692 0.868 1.076 1.345 1761 2145 2.624 2977 3787  4.140
15/ 0000 0691 0866 1074 1341 1753 2131 2602 2947 3733  4.073
)i 10,0007 01600 0865 0 7 A S e o e D RS S B S AR AT )
_ 17 0000 0689 . 0863 1069 1333 .1740 /2410 - 2567 ©2:898¢ 3646 ° 3965
18] 20000 0688 0862 1.067:" 1330 @ 1734  oH01 4 25508 o878 3610 | 3000
191/ 00000 = 0688 . 0861 1066 1328 {729 20003 « 2539 ¢ 2861 3579 2883
201, 20:000577/0.687, 0 0.860; 5101064 10 11395 7 1725 | 12086 2598 {12.845 | 3552 (3850
21 0000 068 0859  1.063  1.323 1721 2080 2518 2.831 3.527  3.819
22 0000 0686 0858  1.061 1.321 1717 2074 2508 2819 3505  3.792
23 0000 068 0858 1.060 1319 1714 2069 2500 2.807 3485  3.768
24 0.000 0685 0857 1.059  1.318 1711 2064 2492 2797 3467  3.745
25 0.000 0684 0856 1.058 1.316  1.708 2.060 2485 2787  3.450  3.725
26/ 11.0:000 % 0,684 [ 08567 11 0580 1 4 315 1706 10 056 F D TO D G 3.707
27[ 10000 : 0684 = 0855 ¢ 1057 41314 \ 1703 2052 = 0473 | 2771 3.690
28] 110.000% -1 0:683 1 0.855. 11056« 13138 @i f701 0048 1 o467 kD 763F 3,674
29 0000 ;. 0:683° " 10854 « 1055 = 4311 11699 52045 | io462 | o756 o 3.659
S01512.0.000,7:0:683 1108647 1 110550 1 11310, #110697: 12,042 /12457, ¢ 2750 /3 3.646
40 0.000 0681 0851 1.050 1.303 1684 2.021 2423 2704 ; 3.551
60 0.000 0679 0.848 1.045 1296 1671 2000 2390 2660 3232  3.460
80| 0.000 0678 0.846  1.043 1292 1664 1990 2374 2639 3195 3.416
100 0.000 0677 0845 1.042 1290 1660 1984 2364 2626 3174  3.390
1000/ 0000 0675 0842 1.037 1282 1646 1962 2330 2581  3.098  3.300
Z| 0000 0674 0842 1036 1282 1645 1960 2326 2576 3090 3291
0% 50% 60% 70% 80% 90% 95%  98% 99% 99.8% 99.9%

Confidence Level

t-table.xls 7/14/2007



T-12 Tables

Table entry for p is the
critical value F* with
probability p lying to

Probability p

its right. Fx
F critical values
Degrees of freedom in the numerator
pr 1 2 3 4 5 6 7 8 9
.100 39.86 49.50 53.59 55.83 57.24 58.20 58.91 59.44 59.86
.050 161.45 199.50 215.71 224,58 230.16 233.99 236.77 238.88 240.54
1 .025 647.79 799.50 864.16 899.58 921.85 937.11 948.22 956.66 963.28
.010 4052.2 4999.5 5403.4 5624.6 5763.6 5859.0 5928.4 5981.1 6022.5
.001 405284 500000 540379 562500 576405 585937 592873 598144 602284
.100 8.53 9.00 9.16 9.24 9.29 9.33 9.35 9.37 9.38
.050 18.51 19.00 19.16 19.25 19.30 19.33 19.35 19.37 19.38
2 .025 38.51 39.00 39.17 39.25 39.30 39.33 39.36 39.37 39.39
.010 98.50 99.00 99.17 99.25 99.30 99.33 99.36 99.37 99.39
.001 998.50 999.00 999.17 999.25 999.30 999.33 999.36 999.37 999.39
3 .100 5.54 5.46 5.39 5.34 5.31 5.28 5.27 5.25 5.24
9] .050 10.13 9.55 9.28 9.12 9.01 8.94 8.89 8.85 8.81
s 3 .025 17.44 16.04 15.44 15.10 14.88 14.73 14.62 14.54 14.47
‘g .010 34.12 30.82 29.46 28.71 28.24 27.91 27.67 27.49 27.35
g .001 167.03 148.50 141.11 137.10 134.58 132.85 131.58 130.62 129.86
Q
]
9 .100 4.54 4.32 4.19 4.11 4.05 4.01 3.98 3.95 3.94
;‘ .050 7.71 6.94 6.59 6.39 6.26 6.16 6.09 6.04 6.00
Bl 4 .025 12.22 10.65 9.98 9.60 9.36 9.20 9.07 8.98 8.90
g .010 21.20 18.00 16.69 15.98 15.52 15.21 14.98 14.80 14.66
2 .001 74.14 61.25 56.18 53.44 51.71 50.53 49.66 49.00 48.47
Q
&
e .100 4.06 3.78 3.62 3.52 3.45 3.40 3.37 3.34 3.32
9 .050 6.61 5.79 5.41 5.19 5.05 4.95 4.88 4.82 4.77
] 5 .025 10.01 8.43 7.76 7.39 7.15 6.98 6.85 6.76 6.68
&> .010 16.26 13.27 12.06 11.39 10.97 10.67 10.46 10.29 10.16
A .001 47.18 37.12 33.20 31.09 29.75 28.83 28.16 27.65 27.24
.100 3.78 3.46 3.29 3.18 3.11 3.05 3.01 2.98 2.96
050 5.99 5.14 4.76 4.53 4.39 4.28 4.21 4.15 4.10
6 .025 8.81 7.26 6.60 6.23 5.99 5.82 5.70 5.60 5.52
.010 13.75 10.92 9.78 9.15 8.75 8.47 8.26 8.10 7.98
.001 35.51 27.00 23.70 21.92 20.80 20.03 19.46 19.03 18.69
.100 3.59 3.26 3.07 2.96 2.88 2.83 2,78 2.75 2.72
.050 5.59 4.74 4.35 4.12 3.97 3.87 3.79 3.73 3.68
7 .025 8.07 6.54 5.89 5.52 5.29 5.12 4.99 4.90 4.82
.010 12.25 9.55 8.45 7.85 7.46 719 6.99 6.84 6.72
.001 2925 21.69 18.77 17.20 16.21 15.52 15.02 14.63 14.33




T-14 Tables

25 TABLE | ot
F critical values (continued)
Degrees of freedom in the numerator
p 1 2 3 4 5 6 7 8 9

.100 3.46 3.11 2.92 2.81 2.73 2.67 2.62 2.59 2.56

.050 5.32 4.46 4.07 3.84 3.69 3.58 3.50 3.44 3.39

8 .025 7.57 6.06 5.42 5.05 4.82 4.65 4.53 4.43 4.36

.010 11.26 8.65 7.59 7.01 6.63 6.37 6.18 6.03 5.91

.001 25.41 18.49 15.83 14.39 13.48 12.86 12.40 12.05 11.77

.100 3.36 3.01 2.81 2.69 2.61 2.55 2.51 2.47 2.44

.050 5.12 4.26 3.86 3.63 3.48 3.37 3.29 3.23 3.18

9 .025 7.21 5.71 5.08 4.72 4.48 4.32 4.20 4.10 4.03

.010 10.56 8.02 6.99 6.42 6.06 5.80 5.61 5.47 5.35

.001 22.86 16.39 13.90 12.56 11.71 11.13 10.70 10.37 10.11

.100 3.29 2.92 2.73 2.61 2.52 2.46 2.41 2.38 2.35

.050 4.96 4.10 3.71 3.48 3.33 3.22 3.14 3.07 3.02

10 .025 6.94 5.46 4.83 4.47 4.24 4.07 3.95 3.85 3.78

.010 10.04 7.56 6.55 5.99 5.64 5.39 5.20 5.06 4.94

.001 21.04 14.91 12.55 11.28 10.48 9.93 9.52 9.20 8.96

.100 3.23 2.86 2.66 2.54 2.45 2.39 2.34 2.30 2.27

.050 4.84 3.98 3.59 3.36 3.20 3.09 3.01 2.95 2.90

. 11 .025 6.72 5.26 4.63 4.28 4.04 3.88 3.76 3.66 3:59

% .010 9.65 7.21 6.22 5.67 5.32 5.07 4.89 4.74 4.63

g .001 19.69 13.81 11.56 10.35 9.58 9.05 8.66 8.35 8.12
=

S .100 3.18 2.81 2.61 2.48 2.39 2.33 2.28 2.24 2.21

5 .050 4.75 3.89 3.49 3.26 3.11 3.00 291 2.85 2.80

9 12 .025 6.55 5.10 4.47 4.12 3.89 3.73 3.61 3.51 3.44

o .010 9.33 6.93 5.95 5.41 5.06 4.82 4.64 4.50 4.39

'E< .001 18.64 12.97 10.80 9.63 8.89 8.38 8.00 7.71 7.48

"§ .100 3.14 2.76 2.56 2.43 2.35 2.28 2.23 2.20 2.16

‘_E‘-’ .050 4.67 3.81 3.41 3.18 3.03 2.92 2.83 277 2,71

a 13 .025 6.41 4.97 4.35 4.00 3.77 3.60 3.48 3.39 3.31

3, .010 9.07 6.70 5.74 5.21 4.86 4.62 4.44 4.30 4.19

§ .001 17.82 12.31 10.21 9.07 8.35 7.86 7.49 7.21 6.98
jo"i]

8 .100 3.10 2,73 2.52, 2.39 2.31 2.24 2.19 2.15 2.12

.050 4.60 3.74 3.34 3.11 2.96 2.85 2.76 2.70 2.65

14 .025 6.30 4.86 4.24 3.89 3.66 3.50 3.38 3.29 3.21

.010 8.86 6.51 5.56 5.04 4.69 4.46 4.28 4.14 4.03

.001 17.14 11.78 9.73 8.62 7.92 7.44 7.08 6.80 6.58

.100 3.07 2.70 2.49 2.36 2.27 2.21 2.16 2.12 2.09

.050 4.54 3.68 3.29 3.06 2.90 2.79 2.71 2.64 2.59

15 .025 6.20 4.77 4.15 3.80 3.58 3.41 3.29 3.20 3.12

.010 8.68 6.36 5.42 4.89 4.56 4.32 4.14 4.00 3.89

.001 16.59 11.34 9.34 8.25 7.57 7.09 6.74 6.47 6.26

.100 3.05 2.67 2.46 2.33 2.24 2.18 2.13 2.09 2.06

.050 4.49 3.63 3.24 3.01 2.85 2.74 2.66 2.59 2.54

16 .025 6.12 4.69 4.08 3.73 3.50 3.34 3.22 3.12 3.05

.010 8.53 6.23 5.29 4.77 4.44 4.20 4.03 3.89 3.78

.001 16.12 10.97 9.01 7.94 7.27 6.80 6.46 6.19 5.98

.100 3.03 2.64 2.44 2.31 2.22 2.15 2.10 2.06 2.03

.050 4.45 3.59 3.20 2.96 2.81 2.70 2.61 2.55 2.49

17 .025 6.04 4.62 4.01 3.66 3.44 3.28 3.16 3.06 2.98

.010 8.40 6.11 5.19 4.67 4.34 4.10 3.93 3.79 3.68

.001 15.72 10.66 8.73 7.68 7.02 6.56 6.22 5.96 5.75




T-16 Tables

F critical values (continued)
Degrees of freedom in the numerator
p 1 2 3 4 5 6 7 8 9
.100 3.01 2.62 2.42 2.29 2.20 2.13 2.08 2.04 2.00
.050 4.41 3.55 3.16 2.93 2.77 2.66 2.58 2.51 2.46
18 .025 5.98 4.56 3.95 3.61 3.38 3.22 3.10 3.01 2.93
.010 8.29 6.01 5.09 4.58 4.25 4.01 3.84 3.71 3.60
.001 15.38 10.39 8.49 7.46 6.81 6.35 6.02 5.76 5.56
.100 2.99 2.61 2.40 227 2.18 2.11 2.06 2.02 1.98
.050 4.38 3.52 3.13 2.90 2.74 2.63 2.54 248 2.42
19 .025 5.92 4.51 3.90 3.56 3.33 3.17 3.05 2.96 2.88
.010 8.18 5.93 5.01 4.50 4.17 3.94 3.77 3.63 3.52
.001 15.08 10.16 8.28 7.27 6.62 6.18 5.85 5.59 5.39
.100 2.97 2.59 2.38 2.25 2.16 2.09 2.04 2.00 1.96
.050 4.35 3.49 3.10 2.87 2,71 2.60 2.51 2.45 2.39
20 .025 5.87 4.46 3.86 3.51 3.29 3.13 3.01 291 2.84
.010 8.10 5.85 4.94 4.43 4.10 3.87 3.70 3.56 3.46
.001 14.82 9.95 8.10 7.10 6.46 6.02 5.69 5.44 5.24
.100 2.96 2.57 2.36 2.23 2.14 2.08 2.02 1.98 1.95
.050 4.32 3.47 3.07 2.84 2.68 2.57 2.49 242 2.37
» 21 .025 5.83 4.42 3.82 3.48 3.25 3.09 2.97 2.87 2.80
% .010 8.02 5.78 4.87 4.37 4.04 3.81 3.64 3.51 3.40
g .001 14.59 9.77 7.94 6.95 6.32 5.88 5.56 5.31 541
g .100 2.95 2.56 2.35 2.22 2.13 2.06 2.01 1.97 1.93
3 .050 4.30 3.44 3.05 2.82 2.66 2.55 2.46 2.40 2.34
2 22 .025 5.79 4.38 3.78 3.44 3.22 3.05 2.93 2.84 2.76
Z .010 7.95 5.72 4.82 4.31 3.99 3.76 3.59 3.45 3.35
é' .001 14.38 9.61 7.80 6.81 6.19 5.76 5.44 5.19 4.99
'§ .100 2.94 2.55 2.34 2.21 2.11 2.05 1.99 1.95 1.92
L .050 4.28 3.42 3.03 2.80 2.64 2.53 2.44 2.37 2.32
o 23 .025 5.75 4.35 3.75 3.41 3.18 3.02 2.90 2.81 2.73
3, .010 7.88 5.66 4.76 4.26 3.94 3.71 3.54 3.41 3.30
§ .001 14.20 9.47 7.67 6.70 6.08 5.65 5.33 5.09 4.89
on
8 .100 2.93 2.54 2.33 2.19 2.10 2.04 1.98 1.94 1.91
.050 4.26 3.40 3.01 2.78 2.62 2.51 2.42 2.36 2.30
24 .025 5.72 4.32 3.72 3.38 3.15 2.99 2.87 2.78 2.70
.010 7.82 5.61 4.72 4.22 3.90 3.67 3.50 3.36 3.26
.001 14.03 9.34 7.55 6.59 5.98 5.55 5.23 4.99 4.80
.100 2.92 2.53 2.32 2.18 2.09 2.02 1.97 1.93 1.89
.050 4.24 3.39 2.99 2.76 2.60 2.49 2.40 2.34 2.28
25 .025 5.69 4.29 3.69 3.35 3.13 2.97 2.85 2.75 2.68
.010 7.77 5.57 4.68 4.18 3.85 3.63 3.46 3.32 3.22
.001 13.88 9.22 7.45 6.49 5.89 5.46 5.15 491 4.71
.100 291 2,52 2.31 2.17 2.08 2.01 1.96 1.92 1.88
.050 4.23 3.37 2.98 2.74 2.59 2.47 2.39 2.32 2.27
26 .025 5.66 4.27 3.67 3.33 3.10 2.94 2.82 273 2.65
.010 7.72 5.53 4.64 4.14 3.82 3.59 3.42 3.29 3.18
.001 13.74 9.12 7.36 6.41 5.80 5.38 5.07 4.83 4.64
.100 2.90 2.51 2.30 2.17 2.07 2.00 1.95 1.91 1.87
.050 4.21 3.35 2.96 2.73 2.57 2.46 2.37 2.31 2.25
27 .025 5.63 4.24 3.65 3.31 3.08 2.92 2.80 2.71 2.63
.010 7.68 5.49 4.60 4.11 3.78 3.56 3.39 3.26 3.15
.001 13.61 9.02 7.27 6.33 5.73 5.31 5.00 4.76 4.57




T-18 Tables

F critical values (continued)
Degrees of freedom in the numerator
p 1 2 3 4 5 6 7 8 9

.100 2.89 2.50 2.29 2.16 2.06 2.00 1.94 1.90 1.87

.050 4.20 3.34 2.95 2.71 2.56 2.45 2.36 2.29 2.24

28 .025 5.61 4.22 3.63 3.29 3.06 2.90 2.78 2.69 2.61

.010 7.64 5.45 4.57 4.07 375 3.53 3.36 3.23 3.12

.001 13.50 8.93 7.19 6.25 5.66 5.24 4.93 4.69 4.50

.100 2.89 2.50 2.28 2.15 2.06 1.99 1.93 1.89 1.86

.050 4.18 3:33 2.93 2.70 2,55 2.43 2.35 2.28 2.22

29 .025 5.59 4.20 3.61 3:27 3.04 2.88 2.76 2.67 2.59

.010 7.60 5.42 4.54 4.04 3.73 3.50 3.33 3.20 3.09

.001 13.39 8.85 7.12 6.19 5.59 5.18 4.87 4.64 4.45

.100 2.88 2.49 2.28 2.14 2.05 1.98 1.93 1.88 1.85

.050 4.17 3.32 2.92 2.69 2,53 2.42 2.33 2.27 2.21

30 .025 5.57 4.18 3.59 3.25 3.03 2.87 2.75 2.65 2.57

.010 7.56 5.39 4.51 4.02 3.70 3.47 3.30 347 3.07

.001 13.29 8.77 7.05 6.12 5.53 5.12 4.82 4.58 4.39

.100 2.84 2.44 2,23 2.09 2.00 1.93 1.87 1.83 1.79

.050 4.08 3.23 2.84 2.61 2.45 2.34 2.25 2.18 2.12

- 40 .025 5.42 4.05 3.46 3.13 2.90 2.74 2.62 2.53 2.45

% .010 7.31 5.18 4.31 3.83 3.51 3.29 3.12 2.99 2.89

g .001 12.61 8.25 6.59 5.70 5.13 4.73 4.44 4.21 4.02
E

9 .100 2.81 2.41 2.20 2.06 1.97 1.90 1.84 1.80 1.76

3 .050 4.03 3.18 2.79 2.56 2.40 2.29 2.20 2.13 2.07

2 50 .025 5.34 3.97 3.39 3.05 2.83 2.67 2.55 2.46 2.38

E .010 7.17 5.06 4.20 3.72 3.41 3.19 3.02 2.89 2.78

é‘ .001 12.22 7.96 6.34 5.46 4.90 4.51 4.22 4.00 3.82

'§ .100 2.79 2.39 2.18 2.04 1.95 1.87 1.82 1.77 1.74

J‘:’ .050 4.00 3.15 2.76 2.53 2.37 2.25 2.17 2.10 2.04

o 60 .025 5.29 3.93 3.34 3.01 2.79 2.63 2.51 2.41 2.33

8 .010 7.08 4.98 4.13 3.65 3.34 3.12 2.95 2.82 2.72

fé’ .001 11.97 7.77 6.17 5.31 4.76 4.37 4.09 3.86 3.69
)

du .100 2.76 2.36 2.14 2.00 1.91 1.83 1.78 1.73 1.69

.050 3.94 3.09 2.70 2.46 2.31 2.19 2.10 2.03 1.97

100 .025 5.18 3.83 3.25 2.92 2.70 2.54 2.42 2.32 2.24

.010 6.90 4.82 3.98 3.51 3.21 2.99 2.82 2.69 2.59

.001 11.50 7.41 5.86 5.02 4.48 4.11 3.83 3.61 3.44

.100 273 2.33 2.11 1.97 1.88 1.80 1.75 1.70 1.66

.050 3.89 3.04 2.65 2.42 2.26 2.14 2.06 1.98 1.93

200 .025 5.10 3.76 3.18 2.85 2.63 2.47 2.35 2.26 2.18

.010 6.76 4.71 3.88 3.41 3.11 2.89 2.73 2.60 2.50

.001 11.15 7.15 5.63 4.81 4.29 3.92 3.65 3.43 3.26

.100 2.71 2.31 2.09 1.95 1.85 1.78 1.72 1.68 1.64

.050 3.85 3.00 2.61 2.38 2.22 2.11 2.02 1.95 1.89

1000 .025 5.04 3.70 3.13 2.80 2.58 2.42 2.30 2.20 2.13

.010 6.66 4.63 3.80 3.34 3.04 2.82 2.66 2.53 2.43

.001 10.89 6.96 5.46 4.65 4.14 3.78 3.51 3.30 3.13




