UNIVERSITI SAINS MALAYSIA

Peperiksaan Semester Pertama
Sidang 1990/91

 Oktober/November 1990

FMT 202 Statistik

Masa: (2 jam)

Kertas ini mengandungi ENAM (6) soalan,
Jawab LIMA (5) soalan sahaja.

Semua soalan mesti dijawab di dalam Bahasa Malaysia.
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1. Diberikan A dan B adalah dua peristiwa yang mana
P(A) = 0.2, P(B) = 0.4 dan P (AN B) = 0.3,
tentukan nilai-nilai untuk

(i) P (AV B)
(ii) P (A N B)
(iii) P (AN B)
(iv) P (A U B)
(v) P (A/B)
(20 markah)
2. Satu eksperimen dijalankan untuk menentukan garispusat

330 partikel yang diukur dengan sebuah mikrometer
optikal. Data yang dikumpulkan ditunjuk berikut:

Saiz Bilangan Partikel
Kumpulan 9#) Setiap Kumpulan
40- 59.9 20
60- 79.9 ‘ ' 40
80- 99.9 120
100-119.9 100
120-139.9 40
140-159.9 . 10

Dengan kaedah transformasi linear, tentukan mean,

trimean dan sisihan piawai garispusatnya.

(20 markah)
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3. Dalam satu ujian untuk menentukan kesan antigout drug
" baru, ACP 2002, paras serum asid urik (mg/dl) telah

diukur sebelug/dan selepag/pemberian drug ACP 2002, X

Keputusan yang diperolehi ialah seperti berikut: s P

. o’
Nombor Haiwan Paras Serum Asid Urik (mg/dl) R

Sebelum ACP 2002 Selepas ACP 2002

! 1 7.7 3.2
2 6.7 4.0
3 4.3 2.9
4 5.5 6.0
5 4.4 4.0
6 3.9 5.0
7 5.2 3.9
8 6.3 3.7
9 6.0 4.4
10 5.8 5.1

»

(A) Tentukan selang keyakinan sebelum dan selepas
pemberian ACP 2002 di peringkat 99%.

(7 markah)

(B) Tentukan kesahan mean sebelum dan selepas rawatan
menurut hitungan sisihan piawai mean dan ulas

jawapan anda.

(6 markah)

(C) Adakah mean paraé serum asid urik selepas rawatan
lebih rendah daripada sebelum rawatan di peringkat
99%? o
(Jelaskan semua jawapan anda dengan perkiraan).

(7 markah)
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Ujian keberkesanan drug A untuk merawat selsema telah
dijalankan bersama-sama plasebo. Daripada sejumlah
100 orang, 55 pesakit telah dirawat dengan drug A dan
45 pesakit dengan plasebo. Jumlah pesakit yang pulih
ialah 37 orang bagi drug A dan 11 orang bagi plasebo.
Di peringkat 99%,

(i) tentukan sama ada terdapat hubungan atau tidak
di antara rawatan dan tindak balas (pulih atau
tidak pulih).

(10 markah)
(ii) tentukan sama ada kesan drug A untuk memulihkan

selsema signifikan atau tidak berbanding dengan

plasebo.

(10 markah)

..5/-

264



-5 - (FMT 202)

5. Seorang ahli farmasi telah menguji kadar péngecaian
3 jenis tablet generik aspirin. Berikut ialah
keputusannya:

Tablet A Tablet B Tablet C

3.0 4.0 4.0
4.0 5.1
3.9
4.0
3.8
3.0
4.1
3.0

W N N HWWw
N O O N W =
NN W W N =N
W H O 0 O

(A) Pilih satu ujian statistik yang sesuai untuk
menentukan sama ada terdapat perbezaan signifikan

di antara ketiga-tiga jenis tablet.

(14 markah)

(B) Apakah sebab-sebab anda memilih ujian ini?

(3 markah)

(C) Apakah kelemahan-kelemahan ujian yang anda

pilih ini?

(3 markah)
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Seorang juruteknik telah menjalankan penilaian ke atas
prestasi dua jenis alat timbang elektronik. Beliau
menggunakan beberapa berat timbang penentukuran piawai
(standard calibration weights) dan merakamkan bacaan-
bacaan yang diberikan oleh kedua-dua alat itu.

Berikut ialah keputusan yang diperolehi:

Berat Penentukuran Timbang A Timbang B
piawai
0.20 g 0.19 0.20
0.40 g 0.39 0.41
0.80 g 0.78 0.78
1.00 g 0.98 1.02
2.00 g 1.98 1.98

Jalankan ujian statistik yang sesuai dan beri komen
anda tentang ralat-ralat kedua-dua alat itu.

(20 markah)
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FORMULA
. _ d
1. Median (m) = b + ¢ x 7
2 u, = Ax, + B
i i
3. % = % (i - B)
4. s 2= 15 suz
X A

o tui®fi - n@?

n -1

kuartil atas +~(2 X median) + kuartil bawah
4

6. Trimean =

t
]

S/l/n1 + 1/n,

2 2
.. (n; - 1)8] +.(n, - 1)8;
n1+vn2_—'2
t = D
S//n
2
2 (ZD)
S
s =
n-d 267
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9.

10.

Ujian Wilcoxon (independent samples)

n_(n, + 1)
- 272
U = n1 nz + 5 - ZR
U' = n; ny - U
Ujian Sign

P(s>k)=1-P (s > k-1)

ANOVA (1-way)

2
- 2 (£X)
SSTotal =X - n
T
2 2
SS _ (ZXA) N (ZXB) ) (ZX)Z
Treatments n n n
A B ..... T
SsError = SSTotal - SSTreatments
d.f. (Total) = (n,, - 1)

T

d.f. (Treatment) = (k - 1)

d.f. (Error) é (n1 *ng ... + n, - k)
qv/MS
HSD = error
/o
2 n.n
Nm 7
0y 7 g
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11.

12.

13.

e ——
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Ujian Kruskal-Wallis

2
19 R1 Rg R
H="——— [ — + =+ |, ... + — |- 3 (N + 1)
N(N +‘1) ng n, nk

Ujian perbandingan berganda:

1
- N(N +1) 1
G (k-l))j/_-“IEf__ I

n, n,
1 J

e

A

Ujian Friedman

12 2 2
Q = H;TE—IwT)(Rl + R2 + ..., + Rk) -3 n (k +1)

d.f. = k - 1

Ujian perbandingan berganda:

- b k (K + 1)
= “(e/k (k-1)) 5

AR

Formula Sturges

kK =1+ 3.3'10g10nL

...10/-
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14.

15,

16.

17,

18,

19.

Ujian Korelasi

n IxXy - ILX Ly

/gizxz—(Zx)z /:Zyz—(Zy)2

Analisis Regresi

y =mx + ¢
B ZXZX
Lxy o
m =
2
sx2 _ (EX)
n
Iy - m(Ix)
C o=
n
(Zy)2 m LXLy
SSE = Ly~ - m IxXy = 0 + o
SSE
S = [ —
yx n-2
2
X2 - N(AD - BC)
(A+B)(C+D) (A+C)(B+D)
99% CI u =X + [t x S
v
99% CI u =X + [z x &
7 E
z = 2= K
o/vn
-00000~
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TABLE II1  Critical values of ¢

For ony given df, the table shows the values of I corresponding to various Iovels of probobhility. Obtoined t is
significont ot a given level if it is equol to or greater than the volue shown in the toble,

Leve! of significance for one -tailed test
.10 .05 I .025 l .01 l .005 I . 00058

Level of significance for two-toiled test
df 20 .10 { .05 .02 .01 .001
| 3.078 6.314 12.706 3 8N 63.657 636.619
2 1.886 2.920 4.303 6. 965 9. 925 31.598
3 1.638 2.35) ran? 4. 511 5.841 12.941
L] 1533 2.132 2.7 3.747 1.604 8.610
5 1 476 2.015 2570 3.365 4.032 6.859
6 1 440 1.943 2.447 3,143 3.707 5.95%9
7 1.415 1.8%5 2.365 2.998 J 479 5.405
8 1.397 1. 860 2.306 2 896 J3.355 5.041
9 1.383 1.833 2.2K2 2.821 3 250 4.781
10 1 372 V812 2.228 7?7 3.149 4,507
H 1 363 1.796 2.2 7 718 3.106 4.437
w12 1.356 1.782 2.179 2.68) 3.055 4.318
] 13 1.350 1.771 2.160 2.650 3.012 4.221
14 1.345 1.761 2.145 2.624 .977 4.140
15 1,341 1.753 2,131 7. 602 7.547 4.073
16 1,337 1.746 2.120 2.583 2.921 4.015
: 17 1.333 t.749 2.110 2.567 2.078 J3.965
f 18 ¥ 330 1.734 2.1 2 552 2.078 J.922
' 19 1.328 1.729 2.093 2.539 2.861 J.883
20 v 325 1.775 2.086 ?7.578 2 P45 3.850
pal 1.323 V.721 2.080 2.518 2.8N J.819
22 1.320 y.7207 2.074 2 508 2.819 J.792
2 t 319 1.714 2.06% 2.500 2.07 3.767
24 1 J18 1 71 2.0064 2.492 2.797 3.745
25 1,316 1.708 2.060 2485 2 7 3,725
‘26 1315 1.706 2.056 2.477 2.779 3.707
27 1.314 Y. M3 2.052 2.473 2.771 3.690
28 1313 1.701 2.048 2147 2.763 3.674
2% 1.3n 1.699 2.045 7 462 2.756 3.659
‘ an 1 310 1.697 7.0472 ? 457 7.7%0 3,446
© a0 1,303 ) 684 2.021 2 423 2 M4 3.551
¢ &0 1.296 V.67 2.000 2.390 2.660 J.460
120 1.289 . 1,658 1.980 2.358 2.617 3.3723
- 1,282 1,645 1,960 2.326 2.576 3.291

From R. A. Fisher and F. Yates, Slalr’tluml.7hhlu.ﬁn Miologrcal, Agricultural and Medical Research, published
by Longman Group Ltd., London (previously published by Oliver and Royd Ltd., Edinburg ) and by

permission of the authors and publishers.
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364 Appendix Tables

Wilcoxon table

This tabie gives the significance probabilities for the Wiicoxon signed-
rank test for paired comparnisons. for various seiected vaiues of the test
statisic W = sum of all signed ranks. The significance probabilities
inciuded in the table are the ones closest 10 the commonly used leveis
of significance a = .10. ¢ = .05, and ¢ = .01. Thus the tabie may be
used to obtain the appropriate critical value of W for a given value of c.
the ievel of significance. :

The critical values ¢ in the table correspond to the critical vaiue
for = one-sided test which rejects for large values of W', If the test is
one-sided. and rejects for small (negative} vaiues of W', then the critcai
value 1s —¢. where ¢ is the value in the table for which P(W = ¢)
= desired ievel of significance. If the testis two-sided. then the cntical
value ¢ is determined by finding the value in the table for which
P(W = ¢; = 1/2 a. where «a is the desired level of significance. In this
case the testisto reject Hoif W < —cor W = c.

Exampies

(a) The test is one-sided and rejects for large values of W. Suppose
a=.05 and n=8. Then the critical value is ¢ = 24, since

P(W = ¢} = 055, and .055 is closest to the desired level ¢ = .05.

Thus. the test rejects H, if W = 24. and accepts otherwise.

(b) The test is one-sided and rejects for small (negative) values of W'
Suppose o = .10 and n = 12. The cnitical value is — 34, since
P(W = 34) = .102, and .102 is the value closest t0.10. Thus the
test rejects H,y if W < — 34,

(¢) The test is two-sided. Suppose a= .05 and n = 20. Then the
critical values are 106 and —106, since P(W = 106) = .024, and
.024 is the value closest to .025 (= 1/2a). Thus the test rejects
Hoif W =<—106 or W = 106.

Appendin Tables 365

n ¢ PIW =0 n ¢ PW=¢) n ¢ PW=rc) n ¢ PW=o0
PG 500 g 32 012 12 58 010 16 8 01
.. % 027 50 .026 76 02f
: 3250 2% 0s¢ 4 046 6 0%
16 128 20 o9k % 100 2 0%
410 062 v 39 010 12 65 on =T 0IC
§ 126 13 0 s 02 gx  Q2s
% 040 © o4 77 04°
< 18 03 2 ¢ N . oo
Y - 102 9 .09 s& 103
11 .09 10 .- 210 14 73 010 1§ 105 010
w024 61 028 T 024
6 21 016 32 OF 53 052 77 049
A b ? 4 09 1 098
13 .108 11os2 0@ 15 80 .0l 19 114 010
. P 0 .02 98 £2s
\ wm wmm 38 0§ 60 047 g2 0s-
02 013 46 104 66 095"

20 05§ 3¢ .

16 109 20 124 0IC
106 024
9 049
0 .10
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A192
.A332
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.01}
.0040
.0438
.0832
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L1571
L1950

.2291
.26N
L2910
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.3438

. 3665
. 3869
. 4049
.4207
.4345

L4463
L4564
.A649
.A719
L4778

L4824
L4864
. 48796
L4920
4940

.A755
.A766
L4975
. 49872
.4987
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.0080
.0478
.0871
. 1255
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.2324
.2642
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.Jges
. 4066
L4222
L4357
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L4921

L4256
L4947
LA?76
.A4782
. 4587

.0120
L0517
L0710
L1293
. 1664
L2019

.2357
.2673
L2967
.3238
.3485

.3708
.3907
.4082
.4236
.4370

. A484
.4582
4664
4732
.4768

.1834
.4871
LA%01
L4925
L4943

.A757
L4768
AR77
.1983
.498R

03

.04

L0169
L0557
L0748
L1331
. 1700
L2054

L2307
.2704
L2975
.J264
.3508

L3727
L3925
.409%
.A251
L4382

L4495
.A571
R LYA
L4738
.A773

.4838
L AR75
45704
4927

L4945

.A947
.4?6?3'
AR 7
LAB4 -
Ao
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L0199
L0596
.0787
. 1368
L1736
.2088

.2422
.2734
L3023
3287
L35

L3749
L3744
AR K]
L4265
L4374

. 4505
.A599
.AAT8
L4741
L4758

.ARA2
.A487n
L4906
L4527
L4944

.AT60
.A?70
AT
L1781
. 4987

.05
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TABLE IV Normal curve arcas
.06

L0239
L0636
. 1026
. 1406
772
2123

L2454
L2764
L3051
L3315
L3554

L3770
L3762
LA
L4279
. 4406

L4515
L4408
LAARG
AR
LAROD

.AB46
L4881
A0
A7
L4748

L4261
LA971
ART?
L4585
.A5ny

.07

L0279
L0675
L1064
L1443
. 1808
.2157

.2186
.2794
L3078
L3340
Lan77

,3790
,3780
.A147
. 4292
4418

L4525
LA616
LA
L4756
LARNA

. 1850
LY
711
4932
949

L4962
A2
A7
. 4785
i

.08

.0319
L0714
. 103
. 1480
L1544
L2190

.2517
.2823
L3106
. 3365
. 3599

.3810
L3997
.4162
.4306
L4429

.4535
.4625
.A5679
L4761
.4812

. 4854
.4887
L4913
L4934
LAP51)

. 4963
L1973
. 4980
.4986
L4990
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.09

.0359
.0753
L4
1517
. 1879
L2224

. 2549
.2852
133
.J3389
L3621

.3830
.4015
.4177
L4319
.144)

.4545
.4633
.4706
.4767
.4817

.4857
. 4890
L4916
L4936
. 4952

.4964
.A974
.4981
. 4986
.4990
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Critcal Values of F

| to or greater than the value shown in the table.
Degrees of freedom for greater mean square

ye

TABLE V11
is equa
he distribution of F

Flr

for t

points

iven level i

ignificant at a g

is sign

Q.OS {light row} and 0.01 (dark row)

The obtgined F

U
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TABLE VII (continued)

0.05 (light row) and 0.01 {(dark row) points for the distribution of F
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Degrees of freedom for greater mean square
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TABLE IX Ciritical values of U/

ny n, 010 005 0025 001 00050001 [m o, 030 005 0.025 001 0.005 0.001
3 2 6 - - - - S S 37 39 42 44 46 49
3 8 9 - - - - 6 43 46 49 52 s4 57

4 2 8 - - - - 7 49 53 56 59 61 65
3 1 12 4 - - - & 56 60 63 67, 69 74

4 13 15 16 - - - 9 62 66 0 764 77 82

5 2 9 10 - - - - 10 10 68 73 77 81 86 90
3 1 14 15 - - - 11 11 - - - - -

4 16 18 19 20 - - 2 19 21 22 - - -

s 2 21 23 2 25 - 326 28 3o 32 3 -

6 2 11 12 - - - - 4 3 36 38 40 42 44
6 3 15 16 17 - - - 1L S 40 43 46 48 50 53
4 19 21 22 23 24 - 6 47 50 53 57 59 62
5 23 25 27 28 29 - 7 s4 58 61 65 67 11

6 27 29 k) S k| 34 - 8 61 65 69 713 78 80

1 2 13 14 - - - - 9 68 12 76 81 8) 89
7 03 7 19 20 21 - - 11 10 74 79 84 88 92 98
4 22 24 25 27 28 - 1L 81 87 91 96 100 106

5 27 29 30 3 34 - 12 1 12 - - - - -

6 31 3 36 38 39 42 2 2 22 2) - - -

? 36 38 41 ) 45 48 3 28 3 32 34 s -

8 2 14 15 16 - - - 12 &4 36 39 41 4) 45 48
3 19 21 22 2 - - 5 43 4y 49 52 'S4 38

4 25 27 286 30 31 - 6 Sl 55 s8 61 63 68

S 30 k}] % 36 38 40 7 58 63 66 10 12 N

6 35 38 40 42 44 47 8 66 70 % 19 81 87

8 7 4 4 46 49 50 54 12 9 N 18 82 87 90 96
8 45 49 s1 55 57 60 10 8l 86 91 96 99 106

9 1 9 - - - - - 11 o8 94 99 104 108 113
2 16 17 18 - - - 12 95 102 107 113 117 124

k| 22 23 25 26 27 - 13 1 1 - - - - -

9 4 27 30 32 N s - 13 2 22 24 25 . 26 - -
S k) 36 38 40 42 44 3 30 » s 3 38 -

6 39 42 4 47 49 52 4 39 42 44 47 49 51

7 .45 48 51 54 56 60 5 47 50 53 56 8 62

8 50 54 57 61 63 67 6 33 59 62 66 68 13

9 9 56 60 64 67 70 74 13 7 63 67 n s 71 8
10 1 10 - - - - - 8 71 76 80 84 87 93
2 17 19 20 - - - 9 79 84 B89 94 97 103

3 24 26 27 29 30 - 10 87 93 97 103 106 113

4 30 kk) 35 W 38 40 1L 95 101 106 112 116 123

2780
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TABLE IX (continued)

n n 010 005 0025 001 0.005 0.001 ny m 010 005 0.026 0.01 0005 0.001

13 12 103 109 115 121 125 133 16 10 106 112 118 126 129 137

13 1 118 124 130 135 143 11 115 122 129 135 140 149
11 1 14 - - - - - 12 125 132 139 146 151 161
2 24 25 27 28 - - 13 134 143 149 157 163 173
) 32 35 N 40 41 - 14 144 153 160 168 174 183
14 & 41 45 47 50 52 55 16 15 154 163 170 179 185 197
5 50 54 57 60 63 67 16 163 173 181 190 196 208
6 59 63 67 71 73 78 17 1 17 - - - - -
7 67 72 76 81 83 89 2 28 31 32 34 - -
8 76 81 86 90 94 100 k) 39 42 45 47 49 51

4 9 85 90 95 100 104 111 17 4 50 53 57 50 62 66
10 93 99 104 110 114 12} 5 60 65 68 72 75 80
11 102 108 114 120 126 132 6 71 16 80 84 87 9
12 110 117 123 130 134 143 7 - 8l 86 91 96 100 106
13 119 126 132 139 144 153 8 91 97 102 108 112 119

16 14 127 135 141 169 156 164 |17 9 101 108 114 120 124 132
15 1 15 - - - - - 10 112 119 125 132 136 143
2 25 27 29 30 . - 11 122 130 136 ' 143 148 158
3 35 38 40 42 43 - 12 132 140 147 155 160 170
4 & 48 SO S35 59 13 162 151 158 166 172 183
s s sy s1 6L 66 67 71 |17 14 153 161 169 178 184 198
6 63 67 11 15 18 83 15 163 172 180 189 195 208
7 72 17 8 8 89 95 16 173 183 191 201 207 220
g 61 87 91 96 100 106 17 183 193 202 212 219 232
9 90 96 101 107 11 18 f 18 1 18 - - - - -
$s 10 99 106 111 117 121 129 2 30 32 3 36 - .
1 108 18 121 128 132 141 3 41 45 41 S0 52 34
12 117 125 131 138 143 152 4 s2 S6 60 63 66 69
13 127 136 141 148 153 16 s 63 68 12 16 19 8
1% 136 144 151 159 164 174 e 74 80 84 89 92 98
s 15 145 153 161 169 174 1es | 18 7 83 91 96 102 105 112
16 1 16 - - - - - 6 96 103 108 116 118 126
2 27 29 31 3 - - 9 107 114 120 126 131 139
3 37 40 42 45 46 . 10 118 125 132 139 163 153
4 & 50 53 51 59 62 11 129 137 143 151 156 166

16 57 61 65 68 71 15 18 12 139 148 155 163 169 179

5

6 67 71 75 80 83 88 13 150 159 167 175 181 192
7 76 82 86 91 94 101 14 161 170 178 187 194 206
8 86 92 97 102 BUIE Y 1s 172 182 190 200 206 219
9 96 102 107 113 117 125 16 182 193 202 212 218 232




TABLE 1X  (continned)

m m 010 005 0025 0.01 0005 0.00
18 17 193 206 213 226 231 245
18 204 215 225 236 . 243 258

19 1 18 19 - - - -
2 31 34 k] 37 38 -

k] 43 47 50 $3 564 57

19 4 55 59 63 67 69 73
5 67 72 76 80 83 88

6 78 84 89 94 97 103

7 90 96 101 107 111 118

8 101 108 114 120 124 132

19 9 113 120 126 133 138 146
10 124 132 138 146 151 16l

11 136 146 151 159 164 175

12 147 156 163 172 177 188

13 158 167 175 184 190 202

19 14 169 179 188 197 203 216
15 181 191 200 210 216 230

16 192 203 212 222 230 244

17 203 234 224 235 242 257

18 214 226 236 248 255 271

19 19 226 238 248 260 268 284
20 1 19 20 - - - -
2 kK] 36 38 39 40 -

3 45 49 52 55 57 60

4 58 . 62 66 70 72 77

20 S 70 75 80 84 07 93
6 82 88 93 98 102 108

7 96 101 106 112 116 124

8 106 113 119 126 120 139

9 118 126 132- 140 1ah 154

20 10 130 138 145 153 158 168
11 142 151 158 167 1712 18)

12 154 163 171 180 186 198

13 166 176 18A 193 200 212

14 178 188 197-. 207 213 226

20 1S 1% 200 2100 220 227 241
16 200 213 222 233 241 255

17 213 225 235 247 254 270

18 235 237 248 260 268 284

19 237 250 - 26} 273 281 298

20 2649 262 273 286 295 312

From D. B. Owen, Handbook of Statistrcal Tables. Reading,

MA: Addison-Wesley, 1962, Reprinted by permission.

32

(FMT 202)

10



Sy N

TABLE X  Critical values of £, (FMT 203)

pa 2 3 4 5 6 7 8 9 10 11 12
2 990 87.5 142. 202. 266. 333, 403. 475. 550. 626. 704
199.  448:  729. 1036. 1362. 1705. 2063. 2432, 2813, 3204. 3605.
3 154 278 39.2 507 620 729 835 939 104 114 124
475 85 120 151, 184 21(6) 249) 28(1) 31(0) 33(7) 36(1)

4 960 155 206 252 295 336 375 4Ll #4.6 480 514
232 37. 49, 59. 69. 79. 89. 97. 106.  113. 120

5 715 108 137 163 187 208 229 247 265 282 299
149 22, 28. 33, 38. 42 46, 50. 54, 57. 60.

6 582 838 104 121 137 150 163 175 186 19.7 207
1.1 155 191 22 25. 7. 30 32. 34. 36. 37.

7 499 694 84 970 108 118 127 135 143 151 158
889 121 145 165 184 20 22. 23. 2, 2. 27.

8 443 600 7.8 812 903 978 105 111 1.7 122 127
750 99 117 132 145 158 169 179 189 198 21

9 403 534 631 7.1 780 841 895 945 991 103 107
654 85 99 Jt.1 121 131 139 147 153 160 16.6

10 3729 485 567 634 692 742 787 828 866 9.01 93¢
585 74 86 9.6 104 tL.1 118 124 129 134 139

12 328 416 479 330 572 609 642 672 700 725 748
491 6.1 6.9 7.6 8.2 8.7 9.1 95 29 10.2 10.6

15 286 354 401 437 468 495 519 540 559 577 593
407 4.9 5.5 6.0 64 67 7.1 7.3 7.5 7.8 8.0

20 246 295 329 354 376 394 410 424 437 449 459
332 38 4.3 46 49 5.1 5.3 5.5 5.6 5.8 5.9

30 207 240 261 278 291 302 312 321 329 336 3.39
263 3.0 3.3 3.4 3.6 3.7 3.8 3.9 4.0 4.1 4.2

60 1.67 1.85 196 204 211 217 222 226 230 233 236

1.96 2.2 2.3 2.4 2.4 2.5 2.5 2.6 2.6 2.7 2.7

o 100 100 100 1.00 100 100 100 160 100 100 1.00

100 100 100 100 100 100 1.00 1.00 100 1.00 1.00

From H. A. David. Biometrika, 39, 422-4. R-eprinted by permission of the Biometrika trustees.
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TABLE V  Chi square

Column heoadings indicate probability of chonce

deviotion between O ond E.

(FMT 202) 12

o.\& 0.25 0.10 0.05 0.025 0.00 0.005
i 1.323 2.706 3.841 5.024 6.635 7.879
2, 2,773 4,605 5.921 7.378 9.210 10,597
3. 4,108 6.251 7.815 9.348 11.345 12,838
4, 5.385 7.779 9.488 11,143 13.277 14,860
5. 6.626 9.236 1.071 12.833 15.086 16.750
6. 7.841 10.645 12.592 14, 449 16.812 18.548
7. 9.037 12.017 14,067 16.013 18.475 20,278
8. 10.219 13,362 15,507 17.535 20,090 21,955
9. 11.389 14,684 16.919 19,023 21.666 23,589
10, 12.549 15.987 18.307 20,483 23.209 25,188
1. 13.701 17.275 19.675 21,920 24.725 26,757
12. 14,845 18, 549 21.026 23.337 26.217 28,299
13. 15.984 19.812 22.362 24.736 27.688 29.819
4. 17.117 21.064 23,685 26.119 ‘29.MI 31.319
15. 18. 245 22,307 24,996 27.488 30.578 32.801
Adapted from table of x? appearing in Handbaok of Statistical Tables by D. B. Owen,
Addison-Wesley, 1962, p. 50. Reprinied by permission of the U.S. Atomic Energy
Commission.
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Table Al Areas in tail of the standard normal distribution.

Adapted from Table 3 of White et al. (1979) with permission of the authors and publishers.

Tabulated area: proportion of the area
of the standard normal distribution that is

above z

(FMT 202)

13

0 z
b
Second decimal place of z
z 0.00 0.01 002 0.03 0.04 0.05 0.06 0.07 0.08 ‘0.09
0.0 0.5000 0.4960 0.4920 0.4880 0.4840 0.4801 04761 04721 0.4681 0.4641
0.1 0.4602 0.4562 04522 0.4483 0.4443 0.4404 0.4364 0.4325 0.4286 04247
0.2 0.4207 0.4168 0.4129 0.4090 0.4052 04013 0.3974 0.3936 0.3897 0.3859
0.3 0.3821 0.3783 0.3745 0.3707 0.3669 0.3632 0.3594 0.3557 0.3520 0.3483
04 0.3446 0.3409 0.3372 0.3336 0.3300 0.3264 0.3228 0.3192 0.3156 0.3121
0.5 0.3085 0.3050 0.3015 0.2981 0.2946 0.2912 0.2877 0.2843 0.2810 0.2776
0.6 0.2743 0.2709 0.2676 0.2643 0.2611 0.2578 0.2546 0.2514 0.2483 0.2451
0.7 0.2420 0.2389 0.2358 0.2327 0.2296 0.2266 0.2236 0.2206 02177 0.2148
038 0.2119 0.2090 0.2061 0.2033 0.2005 0.1977 0.1949 0.1922 0.1894 0.1867
09 0.1841 0.1814 0.1788 0.1762 0.1736 0.1711 0.1685 0.1660 0.1635 0.1611
1.0 0.1587 0.1562 0.1539 0.1515 0.1492 0.1469 0.1446 0.1423 0.1401 0.1379
1.1 0.1357 0.1335 0.1314 0.1292 0.1271 0.1251 0.1230 0.1210 0.1190 0.1170
1.2 0.1151 0.1131 0.1112 0.1093 0.1075 0.1056 0.1038 0.1020 0.1003 0.0985
1.3 0.0968 0,0951 0.0934 0.0918 0.0901 0.0885 0.0869 0.0853 0.0838 0.0823
1.4 0.0808 0.0793 0.0778 0.0764 0.0749 0.0735 0.0721 0.0708 0.0694 0.0681
o it Sanaild B3 A - PN -
1.5 0.0668 0.0655 0.0643 0.0630 00618 0.0606 0.0594 0.0582 0.0571 0.0559
1.6 0.0548 0.0537 0.0526 0.0516 0.0505 0.0495 0.0485 0.0475 0.0465 0.0455
17 0.0446 0.0436 0.0427 0.0418 0.0409 0.0401 0.0392 0.0384 00375 0.0367
1.8 0.0359 0.0351 0.0344 0.0336 0.0329 0.0322 0.0314 0.0307 0.0301 0.0294
19 0.0287 0.0281 0.0274 0.0268 0.0262 0.0256 0.0250 0.0244 0.0239 0.0233
20 002275 002222 002169 002118  0.02068 002018 001970 001923 001876  0.01831
21 001786 001743 001700 001659 001618 001578 001539 001500 001463 0.01426
22 001390 001355  0.01321 001287 001255 001222 0.01191 001160 001130 001101
23 0.01072 0.01044 001017 0.00990 0.00964 0.00939 0.00914 0.00889 0.00866 0.00842
24 000820 000798 000776 000755  0.00734 000714 000695 000676 000657  0.00639
25 0.00621 0.00604 0.00587 0.00570 0.00554 0.00539 0.00523 0.00508 0.00494 0.00480
26 000466 000453 000440 000427  0.00415 0.00402  0.00391 000379 000368 000357
27 000347 000336 000326 000317  0.00307 000298 000289 000280 000272  0.00264
28 000256 000248 000240 000233 000226 000219 000212 000205 000199 000193
29 0.00187 0.00181 000175 0.00169 0.00164 0.00159 0.00154 0.00149 0.00144 0.00139
30 000135 . 0.00131 0.00126 0.00122 0.00118 0.00114 0.00111 0.00107 0.00104 0.00100
3.1 0.00097 0.00094 0.00090 0.00087 0.00084 0.00082 0.00079 0.00076 0.00074 0.00071
32 0.00069 0.00066 0.00064 0.00062 0.00060 0.00058 0.00056 0.00054 0.00052 0.00050
33 0.00048 0.00047 0.00045 0.00043 0.00042 0.00040 0.00039 0.00038 0.00036 0.00035
34 0.00034 0.00032 0.00031 0.00030 0.00029 0.00028 0.00027 0.00026 0.00025 0.00024
35 0.00023 0.00022 0.00022 0.00021 0.00020 0.00019 0.00019 0.00018 0.00017 0.00017
g . 36 0.00016 0.00015 0.0001t5 0.00014 0.00014 0.00013 0.00013 0.00012 0.00012 0.00011
g Q 3.7 0.000t 1 0.00010 0.00010 0.00010 0.00009 0.00009 0.00008 0.00008 0.00008 0.00008
38 0.00007 0.00007 0.00007 0.00006 0.00006 0.00006 0.00006 0.00005 0.00005 0.00005
39 0.00005 0.00005 0.00004 0.00004 0.00004 0.00004 0.00004 0.00004 0.00003 0.00003
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Table A3 Percentage points of the ¢ distribution.

Adapted from Table 7 of White et al. (1979) with permission of authors and publishers.

One-sided P value

0.25 0.1 0.05 0.025 0.0t 0.005 00025 0001 0.0005
Two-sided P value
d.f. 0.5 0.2 0.1 0.05 0.02 0.01 0.005 0.002 0.001
1 1.00 3.08 6.31 12.71 31.82 63.66 12732 31831 636.62
2 0.82 1.89 2.92 430 6.96 992 14.09 22.33 31.60
3 0.76 1.64 2.35 3.18 4.54 5.84 745 10.21 12.92
4 0.74 1.53 2.13 2.78 375 4.60 5.60 717 8.61
5 0.73 1.48 2.02 2.57 3.36 4.03 4.77 5.89 6.87
6 0.72 1.44 1.94 2.45 3.14 37 4.32 5.21 5.96
7 0.71 1.42 1.90 2.36 3.00 3.50 4,03 4.78 5.41
8 0.7t 1.40 1.86 2.31 2.90 3.36 3.83 4.50 504
9 0.70 1.38 1.83 226 2.82 325 3.69 430 4.78
10 0.70 1.37 1.81 223 2.76 3.17 3.58 4.14 4.59
11 0.70 1.36 1.80 2.20 272 31t 3.50 4.02 4.44
12 0.70 1.36 1.78 2.18 2.68 3.06 343 393 432
13 0.69 1.35 1.77 2.16 2.65 3.0t 337 3.85 422
14 0.69 1.34 1.76 2.14 2.62 298 333 379 4.14
15 0.69 1.34 1.75 2.13 2.60 295 3.29 3713 4.07
16 0.69 1.34 1.75 2.12 2.58 292 3.25 3.69 4.02
17 0.69 1.33 1.74 2.11 2.57 2.90 322 3.65 3.96
18 0.69 1.33 1.73 210 2.55 2.88 320 3.61 392
19 0.69 1.33 1.73 2.09 2.54 2.86 3.17 3.58 3.88
20 0.69 1.32 1.72 2.09 2.53 2.84 3:15 3.55 3.85
21 0.69 1.32 1.72 2.08 2.52 2.83 3.14 353 382
22 0.69 1.32 1.72 207 2.51 282 3.12 3.50 379
23 0.68 1.32 1.7t 207 2.50 2.81 3.10 3.48 3.77
24 0.68 132 1.7 2.06 2.49 2.80 3.09 347 374
25 0.68 1.32 1.71 2.06 248 279 3.08 3.45 3
26 0.68 1.32 1.71 2.06 2.48 2.78 3.07 344 3.71
27 0.68 1.31 1.70 205 247 277 3.06 342 3.69
28 0.68 1.31 1.70 205 247 276 3.05 3.41 3.67
29 0.68 1.31 1.70 204 246 276 3.04 340 3.66
30 0.68 1.31 1.70 2.04 2.46 2.75 303 3.38 3.65
40 0.68 1.30 1.68 2.02 242 2.70 2.97 3.3t 3.55
60 0.68 1.30 1.67 2.00 2.39 2.66 2.92 323 346
120 0.68 129 - 1.66 1.98 2.36 262 2.86 3.16 3.37
w0 0.67 1.28 1.65 1.96 233 2.58 2.8l 309 3.29

14
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Table A5 Percentage points of the y? distribution.

Adapted from Table 8 of White et al. (1979) with permission of the authors and bublishers.

d.f.=1. In the comparison of two proportions (2 x 2 y* or Mantel-Haenszel x? test) or in the
assessment of a trend, the percentage points give a two-sided test. A one-sided test may be
obtained by halving the P values. (Concepts of one- and two-sidedness do not apply to
larger degrees of {reedom, as these relate to tests of multiple comparisons.)

P value

df. 0.5 0.25 0.1 0.05 0.025 0.01 0.005 0.001
1 0.45 1.32 271 3.84 5.02 6.63 7.88 10.83
2 1.39 2.77 461 - 5.99 7.38 9.21 10.60 13.82
3 237 4.11 6.25 7.81 9.35 11.34 12.84 16.27
4 3.36 5.39 7.78 9.49 t1.14 13.28 14.86 18.47
5 4.35 6.63 9.24 11.07 12.83 15.09 16.75 20.52
6 5.3§5 7.84 10.64 12.59 14.45 16.81 18.55 22.46
7 6.35 9.04 12.02 14.07 16.01 18.48 20.28 24.32
8 7.34 10.22 13.36 15.51 17.53 20.09 21.96 26.13
9 © 834 11.39 14.68 16.92 19.02 21.67 23.59 27.88
10 9.34 12.55 15.99 18.31 20.48 23.21 25.19 29.59
11 10.34 13.70 17.28 19.68 2192 2473 26.76 31.26
12 11.34 1485 18.55 21.03 2334 26.22 28.30 3291
13 12.34 1598 19.81 22.36 24.74 27.69 29.82 34.53
14 13.34 17.12 21.06 23.68 26.12 29.14 31.32 36.12
15 14.34 18.25 22.34 25.00 27.49 30.58 32.80 3170
16 15.34 19.37 23.54 26.30 28.85 32.00 34.27 39.25
17 16.34 20.49 24.77 27.59 30.19 3341 35.72 40.79
18 17.34 21.60 2599 28.87 31.53 34.81 3716 42.31
19 18.34 22.72 27.20 30.14 3285 36.19 38.58 431.82
20 19.34 231.83 28.41 31.41 34.17 37.57 40.00 45.32
21 20.34 2493 29.62 32,67 35.48 3893 41.40 46 .80
22 21.34 26.04 30.8¢ 3392 36.78 40.29 42.80 48.27
23 22.34 27.14 3201 35.17 38.08 41.64 4418 49.73
24 23.34 2824 33.20 36.42 39.36 4298 45.56 51.18
25 24.34 29.34 34.38 37.65 40.65 4431 46.93 52.62
26 25.34 3043 35.56 38.89 4192 45.64 48.29 54.05
27 26.34 3153 36.74 40.11 43,19 46.96 49.64 55.48
28 27.34 32.62 37.92 41.34 44 .46 48.28 50.99 56.89
29 28.34 3371 39.09 42.56 4572 49.59 52.34 58.30
30 29.34 34.80 40.26 437 46.98 50.89 53.67 59.70
40 39.34 45.62 51.81 55.76 59.34 63.69 66.77 73.40
50 49,33 56.33 63.17 67.50 7142 76.15 79.49 86.66
60 59.33 6698 7440 79.08 83.30 88.38 91.95 99.61
70 69.33 77.58 85.53 90.53 95.02 100.43 104.22 112.32
80 79.33 88.13 96.58 101.88 106.63 112.33 116.32 124.84
90 89.33 98.65 107.57 113.15 118.14 124.12 128.30 137.21
100 99.33 109.14 118.50 124.34 129.56 135.81 140.17 14945
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