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M. OLEKIEWICZ

Tables of significance limits for the largest critical
ratio out of Lk ratios

Tablice wartosci granicznych dla najwiekszego z posréd k ilorazéw sprawdzeniowych

In testing significance it happens that there are available several
(say k) critical ratios derived from independent samples (of equal d. f.
for Student's ratios, or of indifferent sizes for normal deviates). When
it is desired to base a test of significance on the largest of these k
ratios at P’ significance level, the 100 P’%, point taken from the
standard table will not be the proper criterion, for standard tables
give significance limits for single occurrences. If we wish the proba-
bility of k values falling within a certain range be ¢, and the proba-
bility of at least one value falling outside this range be P"=—1—¢,
then the probablhty of a single value falling within. the same range

should be e—']/ while the probability olf_a single valuc falling
outside this range should be P=1—e=]1—

Thus, if the experimentalist chooses the significance level at P’
= (.05, he can admit significance when his largest ratio exceeds the
100 P°/, point in the standard table, i. e., the point corresponding to

y e

k
P=1—l/0.95, or, in other words, to e==l/0.95.
With a view to aiding the experimentalist in finding such points
two tables have been prepared with k varying from I to 30:
(1) for the tests of significance based on normal deviates (u);
(2) for the tests of significance based on Student’s ratios (#).
The first of these has been obtained by direct calculation. It
covers two major significance levels, one of which is given in two
variants: for P"=0.05 and for P’ =0.0455, while the other is at P"= 0.01.
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Most of the entries of the second table have been obtained by
geometrical interpolation, care being taken to avoid inconsistencies of
horizontal and vertical entries. The entries for v=1 (v stands for

d. f.) were calculated by expanding t=ctg7,;(1—e) with the approxi-

mation to two decimal places. It is believed that the table is suffi-
ciently accurate for most of the ordinary uses. The table has been
prepared but for one significance level, vis., for the 5%, point.

To illustrate the using of the tables, the following example will
suffice: Suppose that out of 10 calculated |#|’ s, each based on v==24,
the largest turns out to be 2.6. Then ¢, for € = 0.95 is given at
k=10, v=24, i. e, t,=3.11, which shows that the largest |#| is not
significant.

The use of the tables is not limited to the cases when all k
ratios refer to the same trait. In fact, they may refer separately to
quite different problems, provided that they should be assembled
without regard to their values, and that, for Student’s ratios, the
numbers of degrees of freedom should be equal.

Streszczenie

Przy stosowaniu sprawdzianéw nieprzypadkowosci zdarza sie, ze
mamy kilka (powiedzmy k) ilorazéw sprawdzeniowych otrzymanych
z prob niezaleznych (o réwnych liczbach stopni swobody dla ilorazow
t .Student”’ a i obojetnych wielkosciach pr6b dla ilorazéw opar-
tych na zalozeniu zmiennej normalnej). Gdy jest pozadane oprzeé
sprawdzian na najwiekszym 2z tych ilorazéw z ryzykiem bledu P,
100 P’ °/o-owa warto$¢ graniczna wzieta z odnosnej tablicy nie bedzie
wlasciwym kryterjum, gdyz tablice wartosci granicznych sg ulozone
dla pojedynczych zdarzen. Niech zadane prawdopodobienstwo aby k
wartosci padlo w przedzial wahan dopuszczalnych, bedzie ¢, za$
prawdopodobienistwo, ze chociaz jedna z nich padnie poza ten prze-
dzial, bedzie P"=1—¢. Wtedy prawdopodobienstwo, ze pojedyncza

warto$¢ padnie w ten sam przedzial, wyniesie e—l/ za$ prawdo-
podobienstwo, ze pojedyncza wartos¢ padnie poza ten przedzial
Kk /—
bedzie P=1—e=1—} ¢ .
Tak wiec, jezeli badacz wybiera ryzyko bledu P’ = 0,05, bedzie
on mogl stwierdzi¢ nieprzypadkowos¢ tylko wtedy gdy najwiekszy
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z jego ilorazow przewyzszy 100 P%y-owa warto$¢ graniczna w tablicy
wartosci granicznych dla zdarzen pojedynczych, t. j. punkt odpowia-

R | r
dajacy P=1—F 0,95, albo innymi slowy, odpowiadajacy e= 1/0,95 .

W celu ulatwienia badaczom znajdywania takich punktéow, dwie
tablice -zostaly przygotowane przy k przybierajacym wartosci od 1
do 30:

1) dla sprawdzianéw opartych na zalozeniu zmiennej nor-
malnej (u),

2) dla sprawdzianéw opartych na zalozeniu zmiennej ,,Student“a
(1).

Pierwsza z tych tablic zostatla sporzadzona przez zwykle oblicze-
nie. Uwzglednia ona 2 gléwne poziomy ryzyka, z ktérych jeden po-
dany jest w dwuch warjantach: dla P"=0,05 i dla P’=0,0455, drugi
za$ jest P"=0,01.

Wieksza czesé pozycji tablicy drugiej otrzymano droga interpolacji
geometrycznej, przyczym wyrownywano pozycje w kierunku pozio-
mym i pionowym lacznie. Pozycje dla v=1 (v, jest to liczba stopni

swobody) otrzymano przez rozwiniecie ¢t = ctg;— (1 —¢) z dokladnoscia

do dwuch miejsc dziesietnych. Tablica zostala ograniczona tylko dla
jednego poziomu ryzyka, mianowicie dla 5°,-owego.

Dla zilustrowania uzycia tablicy wystarczy przyklad nastepujacy:
Niech z 10 obliczonych |#|, opartych kazde na v=24, najwieksze
wynosi 2,6. Wtedy £, przy ¢ =095 znajdujemy w wierszu k=10
na przecigciu z kolumng v=24, czyli f, =311, skad wynika, ze |t!
nie mozna uznaé¢ za nieprzypadkowe.

Uzywanie tablic nie ogranicza si¢ do wypadku, gdy wszystkie k
ilorazéw sprawdzeniowych odnoszg si¢ do tej samej cechy. Moga
cne odnosi¢ sig¢ nawet do zupe'nie réznych zagadnien, byleby byly
dobrane bez wzgledu na ich wartosci i byleby liczby stopni swobody
dla ilorazow opartych na zalo.l,emu zmiennej f ,Student“’a byly
réwne sobie.
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Table of 5% and 1 % points for the largest normal deviate out of k
deviates (P’ = 0.05, 0.0455, 0.01).

Tablica 5% i 1% owych wartoéci granicznych dla najwickszego
z k ilorazéw sprawdzenionych, opartych na zalozeniu zmiennej

normalne;.
| ¢ =0.95 ¢ = 0.9545 ¢ =0.99

k 3 u, € ' u, € u,

1 l 0.95 1.96 0.9545 ! 2.00 0.99 2.58
2 0.9746 2.24 0.9770 i 2.27 0.9950 2.81
3 0.9830 2.39 0.9846 242 0.99665 293
4 | 09873 2.49 0.9884 2.52 0.997488 3.02
51 09898 2.57 0.9907 2.60 0.997995 3.09
6 0.9915 2.63 0.9922 2.66 0.998325 3.14
7 0.9927 2.68 0.9933 2470 0.998561 3.19
8 0.9936 2.73 0.9941 2.76 0.998736 322
9 0.9943 2.76 0.9948 2.80 0.998875 3.25
10 0.9949 2.80 0.9953 2.83 0.998986 3.28
11 0.9953 2.83 0.9957 2.86 0.999076 3.31
12 | 0.9957 2.86 0.9961 2.89 0.999153 3.33
13 . 0.9961 2.89 0.9964 291 0.999218 335
14 i 0.9963 291 0.9966 293 0.999274 3.37
15 | 0.9966 293 0.9968 2.96 0.999323 3.40
16 0.9968 2.95 0.9970 298 0.999365 341
17 0.9970 297 0.9972 2.99 0.999402 343
18 0.9971 298 0.9974 3.01 0.909434 '3.45
19 | 09973 3.00 0.9975 3.03 0.999465 3.46
20 | 09974 3.01 0.9976 3.04 0.999493 347
21 0.9976 3.03 0.9977 3.06 0.999516 348
22 0.9977 3.05 0.9978 3.07 0.999537 3.49
23 0.9978 3.06 0.9979 3.09 0.999558 3.50
24 0.9979 3.07 0.9980 3.10 0.999576 351
25 0.9980 3.08 0.9981 3.11 0.999594 3.53
26 0.9980 3.09 0.9982 3.12 0.999610 3.54
27 0.9981 3.11 0.9982 3.13 0.999624 3.55
28 0.9982 312 0.9983 3.14 0.999637 3.56
29 0.9982 3.13 0.9983 315 0.999650 3.57
30 0.9983 3.13 0.9984 3.16 0.999661 3.58
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Table of 5% points for the largest ratio out of k Student’s ratios.
Tablica 5%-owych wartosci granicznych dla najwickszego z k ilorazow
sprawdzeniowych opartych na zalozeniu zmiennej ¢, Student”’a.

€=10,95

f

= v=2v=3v=4|v=5v=6!v=7;v=8=v=9v=10

l
0.95 12.706| 4.303| 3.182 2.776| 2.571|2.447| 2.365, 2.306| 2.262| 2.228
0974680 | 25.13 | 6.60| 4.10|3.40 |3.10 {296 |2.87 |2.80 |2.73 |2.67
0.983048 | 37.54 | 9.20| 490|395 |3.46 |3.25 |3.10 ;3.01 |2.93 | 287
0.987259 | 49.96 {12.00| 5.45/4.30 |3.78 |3.46 |3.28 | 3.18 |3.08 |3.01
0.989794 | 62.37 [14.90| 6.00!4.60 |4.05 |3.69 |3.46 |3.34 |3.23 3.15
0.991521 | 75.08 |17.10| 6.50|4.90 |4.36 [391 [3.65 3.51 [3.39 3.29
0.992700 | 87.20 (19.00| 7.00|5.20 |4.61 |4.11 |3.81 |3.64 |3.51 |3.42
0.993609 | 99.61 {20.30| 7.40|5.45 [4.80 |4.30 [3.93 3.75 {3.6]1 |3.51
9| 0.994317 |112.02 |21.55| 7.80!5.70 |4.96 |4.49 |4.04 |3.84 {3.69 |3.59
10 0.994884 | 124.43 |22.50| 8.15|5.90 |5.10 {4.64 |4.14 394 3.77 |3.66
11| 0995348 |136.84 |23.50| 8.5016.05 |5.22 |4.74 |4.2]1 |4.00. |3.84 |3.72
12| 0995735 |149.25 [24.30| 8.806.20 |5.34 |4.84 [4.28 |4.07 |3.89 |3.78
13| 0.996063 [161.66 [25.00| 9.1016.40 |5.45 (493 [4.35 [4.14 |3.95 |3.84
14| 0.996343 |174.08 |25.75| 9.35/6.50 |5.54 |5.03 |4.41 4.19 |3.99 |3.88
15| 0.996587 |186.49 (2640 9.60|6.60 |5.61 |5.10 [4.47 (4.24 |4.04 | 391
16/ 0.996800 1 198.90 |26.80| 9.806.70 |5.67 |5.18 |4.52 |4.28 |4.08 |3.95
17| 0996988 |211.31 (27.25/10.(0|6.85 |5.73 '5.24 (4.57 |4.32 (4.12 | 398
18| 0997155 223.72 |27.7010.25|7.00 {5.78 {5.30 [4.6]1 |4.36 (4.15 |4.01
19{ 0.997304 |236.13 (28.00{10.45{7.10 |5.84 |5.35 |4.65 |4.40 [4.19 | 4.05
20| 0.997439 |248.55 (28.30(10.60|7.20 |5.90 |5.40 |4.69 |4.43 |4.22 {4.08
21| 0.997561 | 260.96 28.6010.75|7.30 {596 |5.45 |4.73 [4.46 |4.25 |4.11
22| 0997672 1 273.37 28.80({10.90|7.40 |6.02 |549 14.77 |4.49 |4.28 1 4.13
23| 0.997773 |285.78 (29.10(11.10{7.50 1 6.07 |5.52 |4.80 [4.52 | 4.30 |4.15
24| 0.997866 | 298.19 {29.30(11.20{7.60 6.12 |5.55 |4.83 |4.55 |4.32 |4.17
25| 0.997951 310.06 [29.50|11.30(7.70 |6.16 |5.58 | 4.86 {4.58 |4.34 | 4.19
26 0.998030 | 323.01 29.6011.35(7.80 {6.19 {5.61 |4.88 |4.60 | 4.36 |4.21
270998102 | 33542 29.70 11.40|7.9C 1 6.22 |5.64 |4.90 |4.62 |4.38 |4.23
28| 0.998170 |347.84 29.80|11.48(7.95 |6.26 |5.66 |4.93 |4.64 440 |4.24
29| 0.998233 1360.25 29.90|11.50 |8.00 |6.29 |5.68 |4.95 |4.66 |4.42 |4.25
30 0.998292 | 372.66 |30.00 11.55|8.05 |6.32 |5.70 |4.96 |4.67 |4.43 |4.26

BN O WD) -
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¢ =095

t

L

v=11 v=12v=13v-14v=15v=16v=17v=18\=19v-20

0.95 2.201 {2.179| 2.16 | 2.145(2.131| 2.12| 2.11 |2.101 2.093| 2.086]
0.974680 | 2.63 259 | 2.55(2.52 (250 | 2.47 | 2.45|2.44 (242 |241
0.983048 | 281 |3.77 | 2.73|2.70 (2.68 | 265 | 2.63 262 (261 |2.59
0.987259 | 294 |290 | 286283 [2.80 | 2.78| 2.76 | 2.74 [2.73 |2.72
0.989794 | 3.08 |3.03 | 299295 |292 | 290 | 2.88 | 2.86 |[2.84 |2.82
0991521 | 3.21 {3.15 | 3.11/3.08 |3.05 | 3.01 298295 (293 [291
0.992700 | 3.33 |3.27 | 3.23|3.18 |3.14 | 3.11 | 3.07 | 3.05 |3.02 |2.99
0.993609 | 3.42 (336 | 3.32(3.28 |3.23 | 3.20| 3.16|3.13 |3.10 |3.08
0.994317 | 349 -|344 | 3.39|3.35 |3.31 | 327 | 3.2313.20 |3.17 |3.14
0.994884 | 3.56 |[3.51 | 3.46|3.42 |3.37 | 3.33| 3.29 13.25 |3.23 |3.20
0.995348 | 3.62 [3.56 | 3.52|3.47 |3.42 | 3.37| 3.34 3.30 |3.27 |3.24
0.995735 | 3.67 |3.61 | 3.57 3.52 | 347 | 3.42| 3.38|3.35 {3.31 :3.28
0.996063 | 3.73 |3.66 | 3.62|3.57 |3.52 | 3.47| 3.42|3.39 |3.35 3.32
0.996343 | 3.77 |3.70 | 3.66{3.60 {3.55 | 3.50 | 3.46 |3.42 |3.38 | 3.35
0.996587 | 381 |3.75 | 3.69(3.64 |3.59 | 3.54| 3.50 | 3.45 |3.41 |3.38
0.996800 | 385 [3.78 | 3.72|3.68 [3.63 | 3.57 | 3.53|3.48 [3.44 |3.41
0.996988 | 388 |3.81  3.75|3.70 |3.66 | 3.60 | 3.56 |3.52 |3.47 |3.44
0.997155 | 391 (383 | 3.77(3.72 |3.68 | 3.62| 3.59 |3.54 |3.50 |3.47
0.997304 | 394 3.86 | 3.803.75 {3.70 | 3.65| 3.61 |3.56 |3.52 |3.49
0.997439 | 397 (389 |3.83|3.78 |3.72 | 3.67 | 3.63|3.58 |3.54 |3.51
0.997561 | 4.00 |3.92 | 3.85/3.80 |3.74 | 3.69 | 3.66 | 3.61 |3.57 |3.53
0.997672 | 402 (394 | 3.87 382 [3.76 | 3.71 | 3.68 | 3.63 |3.59 |3.55
0.997773 | 404 [396 | 3.893.84 [3.78 | 3.73| 3.693.65 |3.61 |3.57
0.997866 | 4.06 |3.98 | 391|3.86 {3.80 | 3.75| 3.71{3.67 | 3.63 |3.59
0.997951 | 4.08 |4.00 | 3.93/3.88 |3.82 | 3.77 | 3.73|3.69 |3.64 |3.60
0.998030 l 4.10 |4.02 | 395(3.89 {383 | 3.78 | 3.74|3.70 |3.65 |3.61
0.998102 | 4.12 |4.04 | 396390 |3.84 | 3.79| 3.75|3.71 | 3.66 |3:62
0.998170 | 413 [4.05 | 397|391 {385 | 3.80| 3.76 | 3.72 | 3.67 |3.63
0.998233 | 4.14 |4.06 | 398 /392 |3.86 | 3.81| 3.77 |3.73 | 3.68 |3.64
0.998292 | 4.15 [4.07 | 399|393 {3.87 | 3.82| 3.78 |3.74 |3.69 |3.65
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¢ =0,95

t

v=21|v-2jv=2iv=24v=25

v=26v=27/v=28v=29/v=30|

Q0 NN Ut W WD

0.95

0.974680
0.983048
0.987259
0.989794
0.991521
0.992700
0.993609
0.994317
0.994384
0.995348
0.995735
0.996063
0.996343
0.996587
0.996800
0.996988
0.997155
0.997304
0.997439
0.997561
0.997672
0.997773
0.997866
0.997951
0.998030
0.998102
0.998170
0.998233
0.998292

2.080

240
2.58
271
281
290
297
3.06
312
3.17
3.22
3.26
3.30
333
3.36
3.38
341

343

3.46
348
3.50
3.52
3.54
3.56
3.57
3.58
3.59
3.60
3.61
3.62

2.074
239
2.57
270
279
2.88
295
3.03
3.09
315
3.19
3.23
3.28
331
3.34
3.36
3.39
3.41
3.44
3.46
3.48
3.50
3.52
3.54
3.55
3.56
3.57
3.58
3.59
3.60

2.069| 2.064

238
2.56
2.69
2.78
287
294
3.01
3.07
313
3.17
3.21
3.25
3.29
332
3.34
3.37
3.39
3.42
3.44
3.46
3.48
3.50
3.52
3.53
3.54
3.55
3.56
3.57

13.58

2.37
2.55
2.68
277
2.86
293
3.00
3.05
3.11
315
3.19
3.23
3.26
330
3.32
3.35
3.37
13.40
3.42
3.44
3.46
3.48
3.50
3.51
3.52
3.53
3.54
3.55

3.56 |3.54

2.060
236
2.55
2.68
2.76
2.85
292
299
3.04
3.09
313
3.17
3.21
3.24
3.28
3.30
333
3.35
3.38
3.40
3.42
3.44
3.46
3.48
3.49
3.50
3.51
3.52
3.53

2.056

2.36
254
2,67
276
284
291
298
3.03
3.08
3.12
3.16
3.19
3.22
3.26
3.28
3.31
3.33
3.36
3.38
3.40
3.42
3.44
3.46
3.47
3.48
3.49

13.50

3.51
3.52

236
2.54
2.67
2.76
2.83
290
297
3.02
3.07
3.11
3.15
3.18
3.21
3.24
3.26
3.29
331
3.34
3.36
3.38
3.40
3.42
344
3.45
3.46
3.47
3.48
| 349
13.50

2.54
2.66
275
282
2.89
296
3.01
3.06
3.10
3.14
3.17
3.19
3.22
3.24
3.27
3.29
3.32
3.34
3.36
3.38
3.40
3.42
343
3.44
3.45
3.46
3.47
3.48

|
2052 2.048!2.045
12.35

235
2.53
2.66
2.75
2.82
2.88
295
3.00
3.05
3.09
313
3.16
3.18
3.21
323
3.26
3.28
3.30
332
3.34
3.36
3.38
3.40
341
3.42
3.43

3.44 (343
345 | 3.44

3.46

2.042|
234
2.53
2.66
2.75
2.82
2.87
294
299
3.04
3.08
3.12
315
317
3.20
3.22
325
3.27
3.29
331
3.33
3.35
3.37
339
3.40
341
3.42

345
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