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Cumulative z-Areas for Standard Normal Distribution

Area shown is the cumulative

probability between z = - Infinity

and the given value of z

Initial example for z = 0.445 4 -3 2 12 ﬁglu; 2 3 4
gives Frobability Area = 06718
Fd oo 001 002 0 003  0.04  0.05 f 006  0.07 0.08 0.09
0.0 05000 | 05040 [ 05080 [ 05120 | 05160 05239 | 05279 [ 05319 | 05359
0.1 05395 | 05435 | 05478 | 05517 | 05557 05636 | 05675 | 05714 | 05753
0.2 05793 | 05832 | 05371 | 05910 | 05945 0E026 | 06064 | 06103 | 0614
0.3 OE17Y9 | DEMY | 06255 | 06293 | OE33 0E406 | 06443 [ 06430 | OBSTY
0.4 0RS54 | 0BS5S | 06625 | 06BE4 | DE7OD 05772 | DES0S | 06344 | 0EE7Q
0.5 |o0E5915 | 06350 | 06985 | 07019 | 07054 07123 | 07157 | 07190 | 07224
0.6 |o07257 | 07291 | 07324 | 07357 | 07389 07454 | 07486 | 07517 | 07549
0.7 07550 | 07511 | 07642 | 07E73 | 07704 07764 | 07794 | 07823 | 07es2
0.8 0Fes1 | 070 [ 07939 | 07967 | 07995 08051 | 08078 | 08106 | 08133
0.9 08159 | 08186 | 082 | 08238 | 08264 08315 | 08340 | 08365 | 0.&389
1.0 02413 | 084238 | 08461 | 03485 | 08502 08554 | 08577 [ 08599 [ 086X
1.1 08643 | 08EES | 08636 | OBT02 | 08729 08770 | 08730 [ 08310 | 08830
1.2 02849 | 08369 ( 03330 | 05007 | 08925 02962 | 08980 [ 02997 [ 0OMMS
1.3 09032 | 09049 ( 09066 | 09052 | 09099 09131 | 09147 | 09162 | 09177
1.4 09192 | 08207 | 09222 | 09236 | 09251 08279 | 08292 | 09306 | 09319
1.5 08332 | 08345 [ 09357 | 09370 | 09352 08406 | 08415 | 09429 | 0944
1.6 08452 | 09463 | 09474 | 09434 | 09495 08515 | 08525 | 09535 | 09545
1.7 048554 | 09564 [ 09573 | 09582 | 09591 08605 | 09616 | 09625 | 09633
1.8 049841 | 09649 [ 09EBSE | 09864 | 0967 04836 | 09693 [ 09699 [ 09708
1.9 09713 | 09™9 [ 09726 | 09732 | 09738 048750 | 049756 | 09781 | OO7EY
2.0 0ar72 | 09778 [ 09732 | 09738 | 09793 09303 | 09202 [ 0932 [ 0937
2.1 048821 | 09326 | 09330 | 09334 | 09533 08846 | 09350 ( 09354 | 00357
2.2 09561 | 09364 | 09365 | 09571 | 09575 049531 | 09554 | 09837 | 0.9390
2.3 049593 | 098396 | 09395 | 09901 | 09904 08909 | 08911 [ 09315 | 09916
24 08915 | 09920 [ 09922 | 09925 | 09927 048931 | 09932 | 09934 | 09936
25 08935 | 09940 [ 09941 | 09943 | 09945 048945 | 09949 [ 09951 | 09952
2.6 08953 | 09955 [ 099568 | 09957 | 09959 08981 | 09982 [ 09983 | 009684
2.7 08965 | 09966 | 09967 | 09968 | 09963 08971 | 09972 [ 094973 | 00974
2.8 08974 | 09975 [ 09976 | 09977 | 09977 08979 | 09979 ( 09930 [ 0993
2.9 08931 | 09932 ( 09932 [ 09933 | 09934 08935 | 09935 ( 09926 | 00938
3.0 08957 | 09237 ( 00937 | 09933 | 09933 08929 | 09939 ( 09930 [ 09930
31 09990 | 09991 ( 09991 | 09991 | 09992 09992 | 09992 [ 09995 | 0.9993
3.2 089935 | 099935 [ 09994 | 09994 | 09994 08994 | 08935 [ 09995 [ 099495
33 08995 | 09995 [ 09995 | 09996 | 09996 08995 | 09996 | 09996 | 099497
34 02997 | 09997 | 099497 | 09997 | 09997 08997 | 09997 | 09997 | 099495
35 08995 | 09993 [ 09993 | 09998 | 09992 08993 | 09993 ( 09993 | 099493
36 08993 | 09992 ( 09999 [ 09999 | 099939 08999 | 09999 ( 09999 [ 099499
3.7 08999 | 09999 ( 09999 [ 09999 | 099939 08999 | 09999 ( 09999 [ 099499
3.8 08999 | 09299 ( 09999 [ 099299 | 09993 08999 | 09999 ( 09999 [ 009499
3.9 1.0000 | 1.0000 [ 1.0000 [ 1.0000 | 1.0000 1.0000 | 1.0000 | 1.0000 [ 1.0000
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Critical Values:- t - Statistic & Chi-Squared, g *

t - Statistic Chi-Squared
Tails Degrees Significance Significance
of freedom 95% 99% 95% 99%
1or2 df 0.05 0.01 0.05 0.01
2 1 12.71 63.66
1 6.31 31.82 3.84 6.63
2 2 4.30 9.92
1 2.92 6.96 5.99 9.21
2 3 3.18 5.84
1 2.35 4.54 7.81 11.34
2 4 2.78 4.60
1 2.13 3.75 9.49 13.28
2 5 2.57 4.03
1 2.02 3.36 11.07 15.09
2 6 2.45 3.71
1 1.94 3.14 12.59 16.81
2 7 2.36 3.50
1 1.89 3.00 14.07 18.48
2 8 2.31 3.36
1 1.86 2.90 15.51 20.09
2 9 2.26 3.25
1 1.83 2.82 16.92 21.67
2 10 2.23 3.17
1 1.81 2.76 18.31 23.21
2 11 2.20 3.11
1 1.80 2.72 19.68 24.73
2 12 2.18 3.05
1 1.78 2.68 21.03 26.22
2 13 2.16 3.01
1 1.77 2.65 22.36 27.69
2 14 2.14 2.98
1 1.76 2.62 23.68 29.14
2 15 2.13 2.95
1 1.75 2.60 25.00 30.58
2 16 2.12 2.92
1 1.75 2.58 26.30 32.00
2 17 2.11 2.90
1 1.74 2.57 27.59 33.41
2 18 2.10 2.88
1 1.73 2.55 28.87 34.81
2 19 2.09 2.86
1 1.73 2.54 30.14 36.19
2 20 2.09 2.85
1 1.72 2.53 31.41 37.57
2 25 2.06 2.79
1 1.71 2.49 37.65 44.31
2 50 2.01 2.68
1 1.68 2.40 67.50 76.15
2 Infinity 1.96 2.58
1 1.64 2.33
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Critical F Values at 0.05 (95%) Significance

df y = Degrees of freedom for Numerator ‘
df ; = Degrees of freedom for Denominator
Tails dfy=| 1 2 3 4 5 6 7 8 9 |10 | 15| 20 | 30 | 50 | 100
lor2 | dfp
2 1 648 | 799 | 864 | 900 | 922 | 937 | 948 | 957 | 963 | 969 | 985 | 993 |1001|1008|1013
1 161 | 199 | 216 | 225 | 230 | 234 | 237 | 239 | 241 | 242 | 246 | 248 | 250 | 252 | 253
2 2 38.5/39.0/39.2|39.2|39.3|39.3|39.4|39.4|39.4|39.4|39.4|39.4|39.5|39.5|395
1 18.5]/19.0|19.2|19.2|19.3|/19.3|/19.4|/19.4|19.4|19.4|19.4|19.4|19.5|19.5|19.5
2 3 17.4)116.0/15.4|15.1(14.9|14.7114.6|145|145|14.4114.3|14.2|14.1|14.0|14.0
1 10 | 10 [9.28|9.12|9.01/8.94/8.89|8.85|8.81|8.79|8.70| 8.66 | 8.62 | 8.58 | 8.55
2 4 12.2]10.6|9.98|9.60|9.36|9.20|9.07|8.988.90| 8.84 | 8.66 | 8.56| 8.46| 8.38 | 8.32
1 7.7116.94|6.59|6.39|6.26|6.16|6.09| 6.04 | 6.00|5.96|5.86|5.80|5.75| 5.70 | 5.66
2 5 10.0|8.43|7.76|7.39|7.15/6.98|6.85|6.76 | 6.68| 6.62| 6.43|6.33| 6.23| 6.14 | 6.08
1 6.61|5.79|5.41|5.19|5.05|4.95|4.88|4.82|4.77|4.74|4.62|4.56|4.50|4.44|4.41
2 6 8.81|7.26|6.60|6.23|5.99|5.82|5.70|5.60|5.52|5.46|5.27|5.17|5.07 | 4.98 | 4.92
1 5.99|5.14(4.76 | 4.53|4.39|4.28|4.21|4.15/4.10|4.06|3.94|3.87|3.81|3.75|3.71
2 7 8.07|6.54|5.89|5.52|5.29|5.12|4.99|4.90|4.82|4.76|4.57 |4.47|4.36|4.28 | 4.21
1 559|4.74|4.35/4.12|13.97|3.87|3.79|3.73|3.68| 3.64|3.51|3.44|3.38| 3.32| 3.27
2 8 7.57|6.06|5.42|5.05|4.82|4.65|4.53|4.43|4.36|/4.30/4.10/4.00|3.89|3.81|3.74
1 5.3214.46|4.07|3.84|3.69|3.58|3.50|3.44|3.39|3.35|3.22|3.15| 3.08 | 3.02 | 2.97
2 9 7.21|5.71|5.08|4.72|4.48|4.32|4.20|4.10|4.03|3.96|3.77 | 3.67 | 3.56 | 3.47 | 3.40
1 5.12|14.26|3.86|3.63|3.48|3.37|3.29|3.23|3.18|3.14(3.01|2.94|2.86|2.80|2.76
2 10 6.94|5.46|4.83|4.47|14.24|4.07|3.95|3.85|3.78|3.72|3.52|3.42|3.31|3.22|3.15
1 4.96|4.10|3.71|3.48|3.33|3.22|3.14|3.07|3.02|2.98|2.85|2.77|2.70| 2.64 | 2.59
2 15 6.20|4.77|4.15|3.80|3.58|3.41|3.29|3.20|3.12|3.06|2.86| 2.76| 2.64 | 2.55 | 2.47
1 45413.68|3.29(3.06(2.90|2.79|2.71|2.64|2.59|2.54|2.40|2.33|2.25|2.18|2.12
2 20 5.87|4.46|3.86|3.51|3.29|3.13|3.01|2.91|2.84|2.77|257|2.46|2.35|2.25|2.17
1 4.35|3.49/3.10(2.87|2.71|2.60|2.51|2.45]|2.39|2.35|2.20|2.12|2.04|1.97|1.91
2 30 5.57|4.18|3.59/3.25|3.03|2.87|2.75|2.65|2.57|251|2.31|2.20|2.07|1.97|1.88
1 4.17)13.3212.92|2.69|253|2.42|2.33|2.27|2.21|2.16|2.01|1.93|1.84|1.76|1.70
2 50 5.34|13.97|3.39,3.05|2.83|2.67|255|2.46|2.38|2.32|12.11|1.99|1.87|1.75| 1.66
1 4.03|3.18|2.79|2.56|2.40|2.29|2.20|2.13|2.07|2.03|1.87|1.78|1.69| 1.60| 1.52
2 100 [5.18|3.83|3.25/2.92|2.70|2.54|2.42|2.32|2.24|2.18|1.97|1.85|1.71|1.59|1.48
1 3.9413.09/2.70|2.46|2.31|2.19|2.10{2.03/1.97(1.93(1.77|1.68|1.57|1.48|1.39

Example:

Critical F-value for 1-tailed test with dfy = 15 and dfp

F10.05158 = 3.22
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Critical Values at 0.05 (95%) Significance for

e Pearson's correlation coefficient, r
e Spearman's Rank correlation coefficient, rg
e Wilcoxon lower limit, W,

Tails iSamplei Pearson's Spearman's Wilcoxon
size

lor?2 n r rs W
2 4 0.950
1 0.900
2 5 0.878 -
1 0.805 0.900
2 6 0.811 0.886 -
1 0.729 0.829 2
2 7 0.754 0.786 2
1 0.669 0.714 3
2 8 0.707 0.738 3
1 0.622 0.643 5
2 9 0.666 0.683 5
1 0.582 0.600 8
2 10 0.632 0.648 8
1 0.549 0.564 10
2 11 0.602 0.623 10
1 0.521 0.523 13
2 12 0.576 0.591 13
1 0.497 0.497 17
2 13 0.553 0.566 17
1 0.476 0.475 21
2 14 0.532 0.545 21
1 0.456 0.457 25
2 15 0.514 0.525 25
1 0.441 0.441 30
2 16 0.497 0.507 29
1 0.426 0.425 35
2 17 0.482 0.490 34
1 0.412 0.412 41
2 18 0.468 0.476 40
1 0.400 0.399 47
2 19 0.456 0.462 46
1 0.389 0.388 53
2 20 0.444 0.450 52
1 0.378 0.377 60
2 25 0.396 0.400 89
1 0.337 0.336 100
2 30 0.361 0.364 137
1 0.306 0.305 151
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Mann-Whitney Lower Limit, U, at 0.05 (95%) Significance

Tails Sample sizes

l1or2! n, iny=i2i{3faisiei7zisioftof1riteiiziiaisiie]17i18i19]20
2 2 01 11 1% 1111122202
i S N Y Y
2 3 01 1111212131314 i4i5:516.61 71718
i 0TIy T T T AT AT E T s e V7T 7 8T 90 101 11
2 7 01 11 213141415161 7 8911011111112} 13} 14
i 0T A S Y3 T A Ve 789 10, 111 12 141 151161 17 1 18
2 5 0t 11 213151617181 9 111112 131141151171 181191 20
1 1121 41 5616181 0 111121131161 161181191201 221 231 25
2 6 11 21 3151 618110 111131 141 16 171 101 211 221 241 251 27
i 513 5 7718 i 101 12 141 46 1 17 1 10 1 211 23 1 251 26§ 281 30 | 32
2 7 11 315161 811012114 161181201 22 24| 26| 28 | 30 | 32 | 34
i R R A R R N R M S TR D)
2 8 01 21 4161 81101131151 171191 221 241261 291 311 341 361 381 41
i TV 375 78 7101131 16 181 20 1 231 261 28 1 311 33 1 36 1 391 411 44 1 47
2 9 0t 2! 41 7 110112151 171 20} 23 26 28| 31! 34 37 | 30| 42} 45} 48
i T T s et T s e T o T aa i o7 T30 33 38 T30 s T s Tas i 51 T 54
2 10 01 3151 8 1111141171201 231261 29 331 361 391 421 451 481 52 | 55
i TV AT I 1478 17 20 1 24 1 27 1 311 341 371 411 44 1 48 1 511 551 58 1 62
2 11 01 31 61 91131161191 23126 30 33! 37! 40| 44| 47 | 511 55 | 58 | 62
i T s T e T e 119 23T 57 131 1 34138 42 146 1 50 | 54 157 1 611 65 1 69
2 7 11 44 7 111114118 221 261 201 33137 1 411454 491531571 61165169
i ST B T O T 13147 1211261301 34138142 471511551601 64168172177
2 13 11 41 8 1121161 201 24 281 331 371 411 451 50 1 54 1 501 631671 721 76
i SVETTI0 T 15 VA9 T 54 98 3337 V42 T 47 51 1 561 611 651 70 | 751 80 | 84
2 14 1151 91131171221 261 311 361 40| 451 50 | 55150 | 64| 691 74| 78 | 83
i 377 T IT 116 V511261311 36 1 411 46 1 51 1 561 61166 1 711 771821871 02
2 15 115 1101 141101 241 201 341 391 44 1 49 1 54 1 501 64 1 70 1 751 80 1 85 1 90
i 3T T I8 539873339 44 150 1 55 611 661 72 1 771 831 881 94 1100
2 16 116 11116 21 26| 31| 37| 421 47 | 531501 641 701 751 81186} 92} 98
i 3 e T A T 10V 55 13071 361 421 48 1 54160 1 651 711 77 183 1891 95 11011107
2 17 2 1 6 1111171 221281341391 45151571 631 601 751 811 87 | 93§ 99 | 105
i 39 TTI5 50 V96 1331301 45 511 571641 70 1 771 83 1 80 1 06 110211001 115
2 18 2 1 7 1121181 24130 36! 42! 48 55! 61! 67| 74| 80 | 86| 93 | 99 | 106 112
i sl ot st oot et as i ar T as T 5561 68 75 182 887 95 11021 109} 116 123
2 19 2 1 7 1131191 251321381 451 521 581 651 721 781 851 92 1 99 1 1061 113} 119
i ZTI0T 17 1231301 37 144 1511 581651 721 801 871 94 1101110911161 1231130
2 20 2 1 8 1141201 271 341 411 481551 621 691 76 831 90 | 98 | 1051 112} 1191 127
i ZVIT A8 T 35 T3 1 39V A7 154 1 62 1 601 77 1 84 1 92 110011071 1161123} 1301 138
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Formula Sheet

Propagating Uncertainty

u(r)=\u(r)* =u(a)’ +u(b)

F-test
2
Farpr = -2 [— MS(B) ANOVA]

2| MS(W)

B
Cl of the Population Mean

_ S
CI( ,X%):xi{t o in- x—}
H 2,a,(n-1) /—n

One-sample t-test

o (R-mo)
STAT S
o
Two-sample t-test
()_(A ')_(B)

tSTAT =
SIX\/{]/nA +]/nB}

Cl of the proportion

CI(17.95%) = P +1.96x | =< (1=P)
n

Two-proportion test
P,—P;
Z =
JP'(1-P)x(1/n, +1/ny)
Analysis of Variances

SSX = Zi(xi - )_()2

MS(B) = n x VSM = (n x OF?) + Og?
MS(W) = MSV = O¢?
Tukey: (Xrop - X,

XBOTTOM)

Qstar =
\/ MSerror ( 1 4 1 J
2 Nrop Ngorrom

Regression

Ru(r)=+Ru(r}? =Ru(@)’ + Ru(b)’

dfA=np-landdfB=ng-1

df=n-1

df=n-1

s'= {(nA _1)35\ +(nB _1)353}
(n,+n,-2)
df=np+ng—2

One-proportion test

_P-m1, _ P-TI,
op [Px(1-P)
n

P n,P, +ngPs
N, +ng
MS, = SS,
df

df(B) = k-1

dfW) = N - k = k(n - 1)

gsTat = V2 x MINITAB ‘T-value’

2 m?xSS, _ SS, —SSgesiv _1_ SSgesio SE - SSgesip
SS, SS, YoV n-2
_SE, 1.1 vo-yf _Yo=C
ulxo)= m ><\/{kJrnijzxzi(x,—x)2 T

Non-Parametric Tests
Wilcoxon
WH+)+W(-)=05xnx(n+1)

Mann-Whitney
UX = WX = nx(nx + 1)/2
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