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List of statistical formulae

Definition of thesymbols S, S, S,,, S used below:

s, =8 - 2@ s, =8y - (&)

s, =& v-~(&x8 ) S =

where x and y are observed variables, there being n values of eech.

Descriptive statistics

[¢}
X
Mean: y:_a
n
Standard deviation: S, = ¢1
n_
Variance sz
SX

Standard Error of x:  SE(X) =

n

Standard error of a Poisson-distributed variable: If a poisson-distributed variable (such
asblood cell count, viral plague count, no. of nuclear disntegrations in a minute) has amean

r_-m
me

vaue m, the probability that a particular observation will be exactly equd tor is , and

r!
the standard error of asingle observation is Jm.

Standard error of a proportion: If, in arandom sample of n individuds drawn from a
large population, a proportion p (comprisng at least 5 individuds) fal into a particular
category (e.g. aopic, blue eyes, voted Liberal etc.) and a proportion g (comprising at leest
5individuds) do nat, then p and q each have a standard error approximately equa to

A / p_r? . The same formula can be used whether p and q represent proportions, percentages

or actud numbers of individuas.

X-m

One-Samplet-test: t= , Where 1 isthe hypothetical population mean (e.g. zero)

SE(X)
and there are (n-1) degrees of freedom. If the observed variable x is the difference between
matched pairs of data, the test is cdled the paired-sample t-test.




% v
Two-Samplet-test: t= —y where x, y areindividua observetionsin two

a 10
Tl

groups of size n, m and with samplemeans X,y. < isthe pooled variance given by
(n-1)s.2+(m- 1S’

y

S =

, with (n + m - 2) degrees of freedom.
n+m- 2

S
Corrdation Cosefficient: r = A
‘\/Sxxsyy

Given the null hypothesis that there is no correlation in the parent population from which the

- / - 2
sample was drawn, the test statistic t caculated from the formulat =r 1” —~ hasa
-r

Student's t-distribution with (n- 2) degrees of freedom, where n = number of subjects
observed.

Linear regression of yon x:  The best graight linefor predicting y fromx is y =a +bx,

S
wherethe gradientisgivenby b = S” and the intercept a on the y-axisis given by

a=y - bx.Thesandard errors of a and b respectively are
E@) =5 2+ ad ) = |
n- s, R E
y

gradient = b

intercept = a




One-way Analysisof Variance: if we havek groups, comprisng atotal of N
observations, we can use one-way andysis of variance to test the null hypothesis that the k
populations from which the samples were drawn dl have the same mean. The test Satidtic is

& 2
a n; (Yi - XG)
F=1 , Wwheren; and x are the size and mean of group i, X isthe grand
(k - 1)SpooI2
é (ni - 1)32
mean of al N observations, and S,,° = ':lT

Multiple Comparisons of every group with every other group by Scheffé's M ethod
The test satistic for comparing the mean, x;, of group i with the mean, X, of group j when
thereareatotd of N observationsin k groupsis
(Xi “ X% )2
. = which isdigtributed with (k - 1) on (N - k) degrees of freedom.
(k - 1) Spool ? 2i+i3
g i
See the above section on analysis of variance for definition of S

F=

2
pool *

_ , 9 (observed number - expected number)2
Chi-Sguared Test: c“=Q

expected number

Forann” m contingency table, there are usudly (n-1)(m-1) degrees of freedom.
For agoodness-of fit test with n gtrata, there are usualy (n-1) degrees of freedom.

Wilcoxon's Rank Sum Test: if two groups of observations are of szesN; and N,, and
have sums of ranks T; and T, then the null hypothes's that the two parent populations have
the same distributions can be tested by comparing T, and T, with the critical vaues shown
in the table on page 10. If N; and N, are outwith the scope of the table, we caculate the
test gtatistic z usng the formula

J3(N, (N, + N, +1)- 2T,)

) \/NlNz(N1+N2+1)
If the null hypothesisis true then z should be a tandard normal deviate; i.e. its sampling
digtribution should be gpproximately norma with mean of zero and sandard deviation 1.
The ggnificance of z can therefore be judged by consulting atable of standard normal
deviates (see page 11). For example, if zis greater than 1.96 or less than -1.96, then the
difference between the two groups is probably sgnificant (P < 0.05). Thisnorma
approximation is usudly adequeteif N; > 20 or N, > 20 and is a reasonably good guide for
most vauesof N; and N,. The test is designed to be particularly sengtive to differences
between the medians of the two populations from which the samples are drawn.




Critical values of Student'st statistic for two-tailed tests.

Degrees
of

freedom
1

P value (probability of exceeding the tabulated
vaueof [t|, assuming the null hypothesis)

0.1

0.05

0.02

0.01

0.002

0.001

6.314
2.920
2.353
2.132
2.015

12.71
4.303
3.182
2.776
2.571

31.82
6.965
4541
3.747
3.365

63.66
9.925
5.841
4.604
4.032

318.3
22.33
10.21
7.173
5.893

636.6
31.60
12.92
8.610
6.869
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1.943
1.895
1.860
1.833
1.812

2447
2.365
2.306
2.262
2.228

3.143
2.998
2.896
2.821
2.764

3.707
3.499
3.355
3.250
3.169

5.208
4.785
4.501
4.297
4.144

5.959
5.408
5.041
4.781
4.587

el e
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1.796
1.782
1771
1.761
1.753

2.201
2.179
2.160
2.145
2.131

2.718
2.681
2.650
2.624
2.602

3.106
3.055
3.012
2977
2.947

4.025
3.930
3.852
3.787
3.733

4.437
4.318
4.221
4.140
4.073

N B
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1.746
1.740
1.734
1.729
1.725

2.120
2.110
2.101
2.093
2.086

2.583
2.567
2.552
2.539
2.528

2.921
2.898
2.878
2.861
2.845

3.686
3.646
3.610
3.579
3.552

4.015
3.965
3.922
3.883
3.850

NDNDNDNDN
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1721
1.717
1.714
1711
1.708

2.080
2.074
2.069
2.064
2.060

2.518
2.508
2.500
2.492
2.485

2.831
2.819
2.807
2.797
2.787

3.527
3.505
3.485
3.467
3.450

3.819
3.792
3.768
3.745
3.725
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1.706
1.703
1.701
1.699
1.697

2.056
2.052
2.048
2.045
2.042

2.479
2473
2.467
2.462
2.457

2.779
2.771
2.763
2.756
2.750

3.435
3421
3.408
3.396
3.385

3.707
3.690
3.674
3.659
3.646

©O© O OO NN OO~ b W
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100

1.690
1.684
1.679
1.676
1.673
1671
1.669
1.667
1.665
1.664
1.663
1.662
1.661
1.660

2.030
2.021
2.014
2.009
2.004
2.000
1.997
1.994
1.992
1.990
1.988
1.987
1.985
1.984

2.438
2.423
2412
2.403
2.396
2.390
2.385
2.381
2.377
2.374
2.371
2.369
2.366
2.364

2.724
2.704
2.690
2.678
2.668
2.660
2.654
2.648
2.643
2.639
2.635
2.632
2.629
2.626

3.340
3.307
3.281
3.261
3.245
3.232
3.221
3.211
3.203
3.195
3.189
3.183
3.178
3.174

3.501
3.551
3.520
3.496
3.476
3.460
3.447
3.435
3.425
3.416
3.409
3.402
3.396
3.391

Infinite

1.645

1.960

2.326

2.576

3.090

3.291
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Critical values of the Chi-squared statistic

Degrees| P =
of | 0.99 0.95 0.05 0.01 0.001
freedom
1| 0.000157 0.00393 3.841 6.635 10.83
2{0.0201 0.1026 5991 9.210 1382
3(0.1148 0.3518 7815 11.34 16.27
410.2971 0.7107 9488 1328 1847
5| 0.5543 1.145 11.07 15.09 20.52
6| 0.8721 1.635 1259 16.81 2246
711.239 2.167 14.07 1848 24.32
8| 1.646 2.733 1551 20.09 26.12
9 2.088 3.325 16.92 21.67 27.88
10 | 2.558 3.940 1831 2321 29.59
11| 3.053 4.575 19.68 24.72 31.26
12 | 3.571 5.226 21.03 26.22 3291
13| 4.107 5.892 2236 2769 3453
14 | 4.660 6.571 23.68 2014 36.12
15| 5.229 7.261 25.00 30.58 37.70
16 | 5.812 7.962 26.30 3200 39.25
17 | 6.408 8.672 2759 3341 40.79
18 | 7.015 9.39 2887 3481 4231
19| 7.633 10.12 30.14 36.19 4382
20| 8.260 10.85 3141 3757 4531
21| 8.897 11.59 32.67 3893 46.80
2219542 12.34 3392 4029 4827
231 10.20 13.09 3517 4164 49.73
241 10.86 13.85 36.42 4298 5118
25| 11.52 14.61 3765 4431 5262
26| 12.20 15.38 3889 4564 5405
271 12.88 16.15 40.11 4696 55.48
28| 13.56 16.93 4134 4828 56.89
29| 14.26 17.71 4256 4959 58.30
30| 14.95 18.49 43.77 50.89 59.70
35| 1851 22.47 4980 57.34 66.62
40 | 22.16 26.51 5576 63.69 7341
451 25.90 30.61 61.66 69.96 80.08
50| 29.71 34.76 6750 76.15 86.66
55| 33.57 38.96 7331 8229 93.17
60| 37.48 43.19 79.08 88.38 99.62
65| 41.44 47.45 84.82 9442 106.0
70| 45.44 51.74 90.53 1004 1123
75| 49.48 56.05 96.22 1064 118.6

The columns most commonly used in thistable are those headed 0.05 and 0.01. The
entries in the body of the table are the vaues that must be exceeded by the chi-
squared datigtic in order to satisfy the test criteria P<0.05, P<0.01 etc.



Critical values of the Corréeation Coefficient

No. of
points on

graph
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10
11
12
13
14
15
16
17
18
20
21
22
23
24
25
26
27
28
30
32
37
42
47
52
57
62
67
72
77
82
87
92
97
102

DF
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100

Probability that the correlation in a sample will exceed the tabulated vaue

of |r| given the null hypothesis that the population has zero correlaion.
P=0.1 P=0.05 P=0.02 P=0.01 P=0.002 P=0.001
Critical vaues of the Correlation Coefficient r

0.9877 0.99692 0.999507 0.999877 0.99999 0.9999988
0.9000 0.9500  0.9800 0.9900 0.9980  0.99900
0.805 0.878 0.9343 0.9587 09859  0.99113
0.729 0.811 0.882 0.9172 0.9633 0.9741
0669  0.755 0.833 0.875 09350  0.9509
0621  0.707 0.789 0.834 0.9049  0.9249
0582  0.666 0.750 0.798 0.875 0.898
0549 0.632 0.715 0.765 0.847 0.872
0521  0.602 0.685 0.735 0.820 0.847
0497 0.576 0.658 0.708 0.795 0.823
0476  0.553 0.634 0.684 0.772 0.801
0457  0.532 0.612 0.661 0.750 0.780
0441 0514 0.592 0.641 0.730 0.760
0426  0.497 0.574 0.623 0.711 0.742
0412  0.482 0.558 0.606 0.694 0.725
0400  0.468 0.542 0.590 0.678 0.708
0378 0.444 0.515 0.561 0.648 0.679
0.369  0.433 0.503 0.549 0.635 0.665
0.360 0.423 0.492 0.537 0.622 0.652
0352 0413 0.482 0.526 0.610 0.640
0344  0.404 0.472 0.515 0.599 0.629
0.337  0.396 0.462 0.505 0.588 0.618
0330 0.388 0.453 0.496 0.578 0.607
0323 0.381 0.445 0.487 0.568 0.597
0317 0374 0.437 0.479 0.559 0.588
0306  0.361 0.423 0.463 0.541 0.570
0296  0.349 0.409 0.449 0.526 0.554
0275 0.325 0.381 0.418 0.492 0.519
0.257 0.304 0.358 0.393 0.463 0.490
0.243  0.288 0.338 0.372 0.439 0.465
0231 0.273 0.322 0.354 0.419 0.443
0220 0.261 0.307 0.339 0.401 0.424
0211  0.250 0.295 0.325 0.385 0.408
0203  0.240 0.284 0.313 0.371 0.393
0195 0.232 0.274 0.302 0.358 0.380
0189 0.224 0.265 0.292 0.347 0.368
0.183 0.217 0.257 0.283 0.336 0.357
0178 0.211 0.249 0.275 0.327 0.347
0.173  0.205 0.242 0.267 0.318 0.338
0.168  0.200 0.236 0.260 0.310 0.329
0.164  0.195 0.230 0.254 0.303 0.321

For acorrdation coefficient r to satisfy the test criterion defined by the vdue of P, the
observed vaue of r must exceed the values shown in the body of the table.
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5 per cent pointsfor Variance-ratio (F) distribution

Thistable givesthe criticd F values that are exceeded with frequency 0.05, where F is the ratio of
two variances s;2:s,2, and s, and s, have degrees of freedom n; and n, respectively. Thus, for
example, if n; =2 and n, =4, the critical vaue that must be exceeded to satisfy the 95%

confidence criterion is 6.94.
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60

161

185
10.1
7.71
6.61
5.99
5.59
5.32
5.12
4.96
4.84
4.75
4.67
4.60
4.54
4.49
4.45
4.41
4.38
4.35
4.32
4.30
4.28
4.26
4.24
4.23
4.21
4.20
4.18
4.17
4.08
4.00

120 3.92

199

19.0
9.55
6.94
5.79
5.14
4.74
4.46
4.26
4.10
3.98
3.89
3.81
3.74
3.68
3.63
3.59
3.55
3.52
3.49
3.47
3.44
3.42
3.40
3.39
3.37
3.35
3.34
3.33
3.32
3.23
3.15
3.07

216

19.2
9.28
6.59
541
4.76
4.35
4.07
3.86
3.71
3.59
3.49
341
3.34
3.29
3.24
3.20
3.16
3.13
3.10
3.07
3.05
3.03
3.01
2.99
2.98
2.96
2.95
2.93
2.92
2.84
2.76
2.68

225

19.2
9.12
6.39
5.19
4.53
4.12
3.84
3.63
3.48
3.36
3.26
3.18
311
3.06
3.01
2.96
2.93
2.90
2.87
2.84
2.82
2.80
2.78
2.76
2.74
2.73
271
2.70
2.69
2.61
2.53
245

230

193
9.01
6.26
5.05
4.39
3.97
3.69
3.48
3.33
3.20
3.11
3.03
2.96
2.90
2.85
281
2.77
2.74
271
2.68
2.66
2.64
2.62
2.60
2.59
2.57
2.56
2.55
2.53
245
2.37
2.29

234

19.3
8.94
6.16
4.95
4.28
3.87
3.58
3.37
3.22
3.09
3.00
2.92
2.85
2.79
2.74
2.70
2.66
2.63
2.60
2.57
2.55
253
251
2.49
247
2.46
2.45
243
242
2.34
2.25
2.18

237

194
8.89
6.09
4.88
4.21
3.79
3.50
3.29
3.14
3.01
291
2.83
2.76
2.71
2.66
2.61
2.58
2.54
2.51
2.49
2.46
244
242
2.40
2.39
2.37
2.36
2.35
2.33
2.25
2.17
2.09
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239

194
8.85
6.04
4.82
4.15
3.73
344
3.23
3.07
2.95
2.85
2.77
2.70
2.64
2.59
255
251
248
2.45
242
240
2.37
2.36
2.34
2.32
231
2.29
2.28
2.27
2.18
2.10
2.02
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241

194
8.81
6.00
4.77
4.10
3.68
3.39
3.18
3.02
2.90
2.80
2.71
2.65
2.59
2.54
2.49
2.46
242
2.39
2.37
2.34
2.32
2.30
2.28
2.27
2.25
2.24
2.22
221
212
2.04
1.96

10

242

194
8.79
5.96
4.74
4.06
3.64
3.35
3.14
2.98
2.85
2.75
2.67
2.60
2.54
2.49
245
241
2.38
2.35
2.32
2.30
2.27
2.25
2.24
2.22
2.20
2.19
2.18
2.16
2.08
1.99
191

12

244

194
8.74
5.91
4.68
4.00
3.57
3.28
3.07
291
2.79
2.69
2.60
2.53
248
242
2.38
2.34
231
2.28
2.25
2.23
2.20
2.18
2.16
2.15
213
212
210
2.09
2.00
1.92
1.83

15

246

194
8.70
5.86
4.62
3.94
351
3.22
3.01
2.85
2.72
2.62
2.53
2.46
2.40
2.35
231
2.27
2.23
2.20
2.18
2.15
2.13
211
2.09
2.07
2.06
2.04
2.03
2.01
1.92
1.84
1.75

20

248

194
8.66
5.80
4.56
3.87
3.44
3.15
2.94
2.77
2.65
2.54
2.46
2.39
2.33
2.28
2.23
2.19
2.16
212
2.10
2.07
2.05
2.03
201
1.99
1.97
1.96
1.94
1.93
1.84
1.75
1.66

30

250

195
8.62
5.75
4.50
381
3.38
3.08
2.86
2.70
2.57
247
2.38
231
2.25
2.19
2.15
211
2.07
2.04
2.01
1.98
1.96
194
1.92
1.90
1.88
1.87
1.85
1.84
1.74
1.65
1.55



1 per cent pointsfor Variance-ratio (F) digtribution

Thistable givesthe criticd F values that are exceeded with frequency 0.01, where F isthe ratio of
two variances s;2:s,2, and s, and s, have degrees of freedom n; and n, respectively. Thus, for
example, if n; =2 and n, =4, the critical vaue that must be exceeded to satisfy the 99%

confidence criterion is 18.0.
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60

n,
1

4050 5000

98.5
34.1
21.2
16.3
13.7
12.2
11.3
10.6
10.0
9.65
9.33
9.07
8.86
8.68
8.53
8.40
8.29
8.19
8.10
8.02
7.95
7.88
7.82
17.77
7.72
7.68
7.64
7.60
7.56
7.31
7.08

120 6.85

2

99.0
30.8
18.0
13.3
10.9
9.55
8.65
8.02
7.56
7.21
6.93
6.70
6.51
6.36
6.23
6.11
6.01
5.93
5.85
5.78
5.72
5.66
5.61
5.57
5.53
5.49
5.45
5.42
5.39
5.18
4.98
4.79

3

5400 5620 5760 5860 5930

99.2
29.5
16.7
121
9.78
8.45
7.59
6.99
6.55
6.22
5.95
5.74
5.56
5.42
5.29
5.19
5.09
5.01
4.94
4.87
4.82
4.76
4.72
4.68
4.64
4.60
4.57
4.54
451
4.31
4.13
3.95

4

99.2
28.7
16.0
114
9.15
7.85
7.01
6.42
5.99
5.67
541
521
5.04
4.89
4.77
4.67
4.58
4.50
4.43
4.37
431
4.26
4.22
4.18
4.14
411
4.07
4.04
4.02
3.83
3.65
3.48

5

99.3
28.2
155
11.0
8.75
7.46
6.63
6.06
5.64
5.32
5.06
4.86
4.69
4.56
4.44
4.34
4.25
4.17
4.10
4.04
3.99
3.94
3.90
3.85
3.82
3.78
3.75
3.73
3.70
351
3.34
3.17

6

99.3
27.9
15.2
10.7
8.47
7.19
6.37
5.80
5.39
5.07
4.82
4.62
4.46
4.32
4.20
4.10
4.01
3.94
3.87
3.81
3.76
3.71
3.67
3.63
3.59
3.56
3.53
3.50
3.47
3.29
3.12
2.96

7

99.4
27.7
15.0
105
8.26
6.99
6.18
5.61
5.20
4.89
4.64
4.44
4.28
4.14
4.03
3.93
3.84
3.77
3.70
3.64
3.59
3.54
3.50
3.46
3.42
3.39
3.36
3.33
3.30
3.12
2.95
2.79

10

8

5980 6020

99.4
27.5
14.8
10.3
8.10
6.84
6.03
5.47
5.06
4.74
4.50
4.30
4.14
4.00
3.89
3.79
3.71
3.63
3.56
351
3.45
341
3.36
3.32
3.29
3.26
3.23
3.20
3.17
2.99
2.82
2.66

9

99.4
27.3
14.7
10.2
7.98
6.72
591
5.35
4.94
4.63
4.39
4.19
4.03
3.89
3.78
3.68
3.60
3.52
3.46
3.40
3.35
3.30
3.26
3.22
3.18
3.15
312
3.09
3.07
2.89
2.72
2.56

10

6060
99.4
27.2
145
10.1
7.87
6.62
5.81
5.26
4.85
4.54
4.30
4.10
3.94
3.80
3.69
3.59
3.51
3.43
3.37
331
3.26
321
3.17
3.13
3.09
3.06
3.03
3.00
2.98
2.80
2.63
247

12

6110
99.4
27.1
14.4
9.89
7.72
6.47
5.67
511
4.71
4.40
4.16
3.96
3.80
3.67
3.55
3.46
3.37
3.30
3.23
3.17
3.12
3.07
3.03
2.99
2.96
2.93
2.90
2.87
2.84
2.66
2.50
2.34

15

6160
99.4
26.9
14.2
9.72
7.56
6.31
5.52
4.96
4.56
4.25
4.01
3.82
3.66
3.52
341
3.31
3.23
3.15
3.09
3.03
2.98
2.93
2.89
2.85
2.81
2.78
2.75
2.73
2.70
2.52
2.35
2.19

20

6210
99.4
26.7
14.0
9.55
7.40
6.16
5.36
4.81
4.41
4.10
3.86
3.66
3.51
3.37
3.26
3.16
3.08
3.00
2.94
2.88
2.83
2.78
2.74
2.70
2.66
2.63
2.60
2.57
2.55
2.37
2.20
2.03

30

6260
99.5
26.5
13.8
9.38
7.23
5.99
5.20
4.65
4.25
3.94
3.70
351
3.35
3.21
3.10
3.00
2.92
2.84
2.78
2.72
2.67
2.62
2.58
2.54
2.50
247
244
241
2.39
2.20
2.03
1.86



Size of
other

group

Wilcoxon'srank sum test

Critical values of the rank sum for the 95% confidence criterion. The confidence criterion is satisfied if the
observed rank sum is equal to one of the two limiting values listed, or lies outside the limits listed.

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

2

19

21

23

25

26

28

30

32

34

35

37

39

41

42

44

46

48

Size of group whose rank sum has been calculated

3

21

23

26

28

31

33

36

10
38

10
41

11
43

11
46

12
48

12
51

13
53

13
56

14
58

15
60

15
63

16
65

16
68

4 5

15
30

10 16
26 34

11 17
29 38

12 18
32 42

13 20
35 45

14 21
38 49

14 22
42 53

15 23
45 57

16 25
48 60

17 26
51 64

18 27
54 68

19 28
57 72

20 29
60 76

21 30
63 80

21 32
67 83

22 33
70 87

23 34
73 91

24 35
76 95

25 37
79 98

26 38
82 102

27 39
85 106

27 40
89 110

6

22
38

23
43

24
48

26
52

27
57

29
61

31
65

32
70

34
74

35
79

37
83

38
88

40
92

42
96

43
101

45
105

46
110

48
114

50
118

51
123

53
127

54
132

7

36
69

38
74

52
109

54
114

56
119

58
124

60
129

62
134

64
139

66
144

68
149

70
154

8

36
52

38
58

40
64

42
70

44
76

46
82

49
87

51
93

53
99

55
105

58
110

60
116

62
122

65
127

67
133

70
138

72
144

74
150

7
155

79
161

81
167

84
172

86
178

9

45
63

47
70

49
77

52
83

55
89

57
96

60
102

62
109

65
115

68
121

71
127

73
134

76
140

79
146

82
152

84
159

87
165

90
171

93
177

95
184

98
190

101
196

104
202

10

55
75

58
82

61
89

69
111

72
118

75
125

78
132

81
139

84
146

88
152

91
159

94
166

97
173

100
180

103
187

107
193

110
200

113
207

116
214

119
221

123
227

11

66
88

69
96

72
104

75
112

79
119

82
127

85
135

89
142

92
150

96
157

99
165

103
172

106
180

110
187

113
195

117
202

121
209

124
217

128
224

131
232

135
239

139
246

142
254

12

79
101

82
110

85
119

89
127

92
136

96
144

100
152

104
160

107
169

111
177

115
185

119
193

123
201

127
209

131
217

135
225

139
233

143
241

147
249

151
257

155
265

159
273

163
281

1

13

92
116

95
126

99
135

103
144

107
153

111
162

115
171

119
180

124
188

128
197

132
206

136
215

141
223

145
232

150
240

154
249

159
257

163
266

167
275

172
283

176
292

180
301

185
309

14 15 16 17 18 19 20 21 22 23

106
132

110
142

114
152

118
162

122
172

127
181

131
191

136
200

141
209

145
219

150
228

155
237

160
246

164
256

169
265

174
274

179
283

184
292

188
302

193
311

198
320

203
329

208
338

121
149

125
160

130
170

134
181

139
191

144
201

149
211

154
221

159
231

164
241

169
251

174
261

179
271

184
281

190
290

195
300

200
310

205
320

211
329

216
339

221
349

226
359

232
368

137
167

142
178

147
189

151
201

157
211

162
222

167
233

173
243

178
254

183
265

189
275

195
285

200
296

206
306

211
317

217
327

223
337

228
348

234
358

240
368

245
379

251
389

257
399

155
185

159
198

164
210

170
221

175
233

181
244

187
255

192
267

198
278

204
289

210
300

216
311

222
322

228
333

234
344

240
355

246
366

252
377

258
388

264
399

270
410

276
421

282
432

173
205

178
218

183
231

189
243

195
255

201
267

207
279

213
291

219
303

226
314

232
326

239
337

245
349

251
361

258
372

264
384

271
395

277
407

283
419

290
430

296
442

303
453

309
465

192
226

197
240

203
253

209
266

215
279

222
291

228
304

235
316

242
328

248
341

255
353

262
365

269
377

275
390

282
402

289
414

296
426

303
438

310
450

317
462

324
474

330
487

337
499

212
248

218
262

224
276

230
290

237
303

244
316

251
329

258
342

265
355

272
368

279
381

286
394

293
407

301
419

308
432

315
445

322
458

330
470

337
483

344
496

352
508

359
521

366
534

234
270

240
285

246
300

253
314

260
328

267
342

274
356

281
370

289
383

296
397

304
410

312
423

319
437

327
450

335
463

342
477

350
490

358
503

365
517

373
530

381
543

389
556

396
570

256
294

262
310

269
325

276
340

283
355

291
369

298
384

306
398

314
412

322
426

330
440

338
454

346
468

354
482

362
496

370
510

378
524

387
537

395
551

403
565

411
579

419
593

427
607

279
319

286
335

293
351

300
367

308
382

316
397

324
412

332
427

340
442

349
456

357
471

365
486

374
500

382
515

391
529

399
544

408
558

416
573

425
587

434
601

442
616

451
630

459
645

24

303
345

310
362

317
379

325
395

333
411

342
426

350
442

359
457

368
472

376
488

385
503

394
518

403
533

412
548

421
563

429
579

438
594

447
609

456
624

465
639

474
654

483
669

492
684

25

328
372

336
389

343
407

352
423

360
440

369
456

378
472

387
488

396
504

405
520

414
536

423
552

433
567

442
583

451
599

461
614

470
630

479
646

489
661

498
677

508
692

517
708

527
724



Table of Standard Normal Deviates

Thistable lists the proportion P of observations that deviate from the mean of anormd
digtribution by more than d standard deviations. Half of this proportion P of observations will
be greater than the mean plus d sandard deviations, and haf will be less than the mean minusd
standard deviations.

Standard normal Probability P of a
deviated more extreme vaue
0.00000 1.00000
0.12566 0.90000
0.25335 0.80000
0.38532 0.70000
0.52440 0.60000
0.67449 0.50000
0.84162 0.40000
1.03643 0.30000
1.28155 0.20000
1.64485 0.10000
1.95996 0.05000
2.05375 0.04000
2.17009 0.03000
2.32635 0.02000
2.57583 0.01000
2.80703 0.00500
2.96774 0.00300
3.09023 0.00200
3.29053 0.00100
3.48076 0.00050
3.61530 0.00030
3.71902 0.00020
3.89059 0.00010
4.05563 0.00005
417347 0.00003
4.26489 0.00002
441717 0.00001

For deviates greater than those listed in the table, one may use the rule that the proportion P of
observations that are more than d standard deviations away from the mean is given
aoproximately in the form of itslogarithm by the formula

log,, (P) =-0.217d" - log ,,(d) - 0.098 .



Classical statistical tests: what are they for, and when are they valid?

All classical statistical tests are applied after observations or measurements have been made on
samples of individuas (or cells or mice) drawn from large populations. The aim is to help decide
whether some observed effect occurs only in the samples or also in the populations. We start by
proposing a null hypothesis, Hy , namely that the observed effect does not exist in the populations,

only in the samples, and has only arisen by random sampling error.

Each statistical test attempts to measure how far the observed evidence differs from
what would be expected if Hy istrue. This size of the discrepancy between prediction and
observation is measured by atest statistic (t or r or b or F or ¢?).

From the test statistic, a P value is then calculated, which is the probability of getting a
test atistic as big as or bigger than the observed test statistic if the null hypothesisistrue. Thus
P is the probability of the evidence, given the hypothesis Ho. It is not the probability of the
hypothesis given the evidence. If P is very small, the null hypothesisis usualy rejected.

Statistical Preconditions and assumptions | Purpose of test

test

l-samplet Normally distributed parent To test the hypothesis that a population has
population. a particular mean value, e.g. zero.

2-samplet Normally distributed parent To test the hypothesis that two populations
populations with equa variances. have the same mean.

Paired t Differences between pairs are To test the hypothesis that the mean
normdly distributed in the difference of paired datain a population is
population. Zexo.

Wilcoxon's See last row of table. To test the hypothesis that two populations

rank sum have the same distributions.

test

Linear y-values observed, not chosen, To find the best-fitting straight line, and test

regression from anormally digtributed parent | the hypothesis that the gradient or the

andyss population with the same variance | intercept in the population is zero.
at all x-values.

Linear x and y observed on arandom To measure the strength of association

correlation sample of individuas from a between two continuous variables and test

anayss population in which x and y are the hypothesis that the population has a zero
both normally distributed. correlation coefficient.

One-way All populations are normally To compare samples from several

andysis of distributed, with the same variance. | populations and test the hypothesis that all

variance populations have the same mean.

Scheffé's All populations are normally To compare samples from several

method of distributed, with the same variance. | populations and see which means differ

multiple sgnificantly from which, (and by how

comparisons much).

Chi-sguare The data define (in whole nos.) To test whether the numbers of
how many individudsfdl into observations in various categories differ
various mutua ly-exclusive significantly from the numbers (frequencies)
categories. Expected frequencies | expected on the basis of anull hypothesis.
should al be at least 5.

All the above | Items of data are mutualy To test whether any apparent contradiction

tests. independent and have been to a null hypothesis could have arisen
randomly sampled from alarge merely from random sampling error.
homogeneous parent population.
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