KENYATTA UNIVERSITY
UNIVERSITY EXAMINATIONS 2020/2021
SECOND SEMESTER EXAMINATION FOR THE DEGREE OF MASTER OF

MEDICAL LABORATORY SCIENCE

HSU 826: MEDICAL STATISTICS

DATE: FRIDAY 23 JULY 2021 TIME: 9.00 AM - 12.00 P.M

INSTRUCTIONS:

ANSWER ANY THREE (30 MARKS EACH)

Question One
a) Pride et al compared the total cholesterol levels (mg/dl) between the patients with
primary hypertension (PH) and normal patients (NT). She presents her data in the
following table.

PH Patients | 206 | 196 189 | 203 225 221 231 223 236

208 | 265 203 | 199

NT Patients 168 | 229 196 | 212 203 121 163 189 196

142 | 179 212 | 239 218

Test whether the two groups of patients have on average same cholesterol levels?

(7 marks)

b) Ooko et al found that the number of serious gastrointestinal reactions reported to the
Committee on Safety of Medicine was 479 for 68,500 prescriptions of an anti-
inflammatory drug. This corresponds to a rate of 7 gastrointestinal reactions per 1000
prescriptions written. Using a Poisson model for probability, find the probability of

1. Exactly 6 gastrointestinal reactions in 1000 prescriptions (2 marks)

ii.  No gastrointestinal reactions in 1000 prescriptions (3 marks)
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iii.  Not more than four gastrointestinal reactions in 1000 prescriptions

iv. At least three gastrointestinal reaction in 1000 prescriptions

(3Marks)
(2Marks)

c) The analysis of variance for a randomized block design produced an ANOVA table

entries shown below

Source Df SS ms F
Treatments 11 103

Blocks 9.3

Error "

Total 1 95 289.5

(1) Compete the ANOVA table

(5 marks)

(i) Do the data provide sufficient evidence to indicate difference between blocks and

between treatments?

(2 marks)

d) Susan used a portable devise among 550 patients to measure Bone Mineral Density

(BMD) in the ankle in predicting a fracture. She used a Hologic estimated bone density of

0.57 as a cut off and presented the results in the table below

Blood group Confirmed fracture
Present (D) Not Present(D”) Total
BMD=.57(T) 52
BMD >.57(T") 55
Total 153
I.  Complete the table (2 marks)
II.  Determine the following parameters for this portable devise:-
1. Test Sensitivity (2 marks)
ii.  Positive Predictive Value (2 marks)
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Question Two
a) Rael et al., studied 700 workers for ammonia as common breath metabolite and found
a mean concentration in parts per billion (ppb) of 491 and standard deviation of 119.

Calculate the number of workers whose breath ammonia concentration was:

(1) Between 291-610ppb (2 marks)
(i1) Between 245-460ppb (3 marks)
(iii)) At least 500ppb (2 marks)

(iv)  Excessive ammonia in breath may be a sign of a metabolic disease. If 15
of these workers were referred for further examination as their levels were

high, what was the cut off level above which the levels are critical?

(4 marks)

b) The ages of 50 blood donors in a given facility were presented as below
23 35 27 35 26 38 31 30 32 37 34 36
37 25 28 34 35 32 32 39 35 36 4 57

32 26 35 28 33 34 29 32 32 34 35 29
30 36 29 28 20 32 30 33 28 34 38 35
37 37

Using above data

I.  Construct a frequency distribution using sturge’s formula (4 marks)

II.  Using the frequency distribution in b (I) determine the

i. Mean (3 marks)
ii. Median (3 marks)
iii.  Standard deviation (3 marks)
iv.  Skewness(skp) (4 marks)
v.  Would the distribution be said to be normally distributed? (2 marks)

Question Three
A random sample of the records of weights of single births was selected from each of the

four populations. The results were presented as follows
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Below 18 yrs | 18-24 24-36 above 36
1.8 3.4 29 2.3
22 3.8 42 2.2
2.0 3.2 43 2.9
2.0 2.8 3.9 3.0
22 3.2 3.6 29
3.6 3.4 2.7
33
3.5

a) Provide sufficient evidence as to whether the four populations differ with respect to

birth? (15 marks)
b) If they do, perform appropriate statistical test to show the populations with difference.
(15 marks)

Question Four

a) Byron et al conducted a review of 12 subjects who were diagnosed with acute hepatitis A but
were not hospitalized. Of interest was to use the age in years to predict bilirubin levels

(mg/dL). The following were the data they collected:-

S.NO | Age (years) Bilirubin (mg/dL)
1 72 13
2 158 5.8
3 58 5.6
4 45 2
9 44 7
6 52 5.8
7 81 13
8 42 1
9 57 16
10 50 5.6
11 59 8
12 78 3.8
1. Draw a scatter plot for the data (4 marks)

ii. Use the data to calculate the Spearman’s Rank Correlation Coefficient (4 marks)

iii.  Calculate the Covariance Cyyof the X and Y (3 marks)
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iv.

V1.

Vil.

Find the Karl Pearson’s Correlation Coefficient r y (2 marks)

Test whether the relationship between Age of the patient and bilirubin levels
statistically significant? (3 marks)
Determine the equation of the regression line of least squares (3 marks)

Using the regression line in (vi) above, estimate the level of bilirubin in a patient

of age 56 years. (1 mark)

b) An investigation was made on CD4 T cell count of administration of interleukin (IL-2) in

addition to highly active antiretroviral therapy (HAART). The following table shows the

CD4 T cell count at baseline and then again at 12 months of the (IL-2) therapy.

S.No

1

AN

O 0 N N W

10

CD4 T cell count at entry  CD4 T cell count at end of follow up

170 250
63 160
105 308
189 362
301 462
350 240
162 229
193 427
R/ 423
285 141

Perform an appropriate statisticai test on the above data to compare the mean deference between
the baseline data and the data after the follow up (10 marks)
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Percentile Yalues X, for the
Chi-Square Distribution
with v Degrees of Freedom

Lﬁ
» | X | X [ xXm | X | Xh | X3 | X | X | X | X | XKo | X3 | Bu | B
i | o000 | Dooz | 0010 | D039 | DISB | 1@ | 455 { (32 | 271 | 3z | s | 663 | 758 | 105
2 |00 | 0201 | 0506 | J3 | 211 | 575 | 139 | 277 | 461. | 599 | 738 | 921 | 106 | 133
3 {0on7 | 115 | 216 | 352 | 584 | (21 | 237 | 411 | 625 | 781 | 935 | 113 | 128 | 163
4 [ 207 | 297 {-4%4 | 711 | 106 | 192 | 336 | 539 | 7278 | 949 | 111 | 133 | 149 | 185
5 | a2z | ss4.) 831 | 115 | 160 ) 267 | 435 | 663 | 924 | 1ug | 128 | 150 | 167 | 5
6 | 616 | B72 | 124 ( 163 | 220 | 345 | 535 | 784 | 106 | 126 | 144 | 168 | w5 | 15
7 | 929 | 124 | 169 | 207 | 283 | 425 [ 637 | 9.04 | 1zo | 141 | 160 | 185 | 203 | u3
8 | 134 | 165 218 | .273 | 349 | 57 | 734 | 102 | 34 | 155 | 175 | 700 | »o | wr
9 173 | 209 | 270 | 3B | 417 | 590 { 834 | 114 | A7 | 169 | 190 | 217 | B6 | 719
10 [ 216 | 256 [ 325 | 394 | 487 | 674 {-934 | 125 | 160 | 183 | 205 | 32 | 252 | 296
11 {260 { 305 { 3% | 457 | 550} 758 | 103 | 137 | (73 { 197 | 7218 | 247 | 268 | 313
12 | 307 | 357 | 440 ) 523 | 630 | B44 | 113 | 148 | 435 [ 20 | 233 [.252 | 223 | ;29 .
13 | 357 | 4x1 | 500 | 520 | 704 | 930 | 123 | 160 | 198 | ‘A | 247 | 777 | 25 | 345
14 | 407.} 466 | 56 | 657 |77 | 102 | 133 | 171 | 211 | 237 | 260 { 290 | 313 | 364
15 460 | 523 | 626 | 726 | Bss | 110 | 143 | 182 | 23| 250 | s | 306 | 322 | ;7
6 {514 | 581 | 691 | 795 | 931 | 119 | B3 | (94 | 235 | 263 | 2zzx | 320 | 343 | 393
17 | 370 | 641 | 756 | 67 | Q1 | 2% | 163 | 205 ) 248.| 276 | 30z | 334 | 357 | 408
18 | 626 { 70| 123 | 939 109 | 137 | 173 | 216 | 260 | 289 | 315 | 343 | 372 | 423
19 |68+ | 763 | 891 | 1Qr {17 | 46 | w3 | 227 | w2z | x| 32y | 362 | 36 | 4y
20 | 743 | 826 | 95 | 109 | 124 | )55 | 193 238 | 284 | 314 | 342 | 376 | 0D | 453
21 | 203 | ss0 | 103 | 116 | 132 | 163 296 | 327 | 355 | 389 | 414 | 48
2 | 864 [ 95¢ | 10 | 123 | 140 | 172 -30K | 339 | 368 | 403 | 423 | 413
3 | 926 | 122 | w7 | 131 | 148 | 1z} 320 | 352 | =1 | 416 | 452 | ®T
24 |9m | 109 | 124 | B2 | 157 | 190 332 | 364 | 394 | 430 | 456 | 512
25 1as 115 131 145 | 165 | 129 3173|4062 443. 1 469 | 526
26 112 | 122 | 38 | 154 | 173 | 208 3567|138 ‘456 | 483 | 54
77 (w8 | 29 | 146 | 162 | &1 | 217 367. |, s |82 |-670 | 495 | 555
28 | w2s | 136 { 153 | 189 | 189 | 227 1379 | 413 #ms | 483 | swe | %60
29 | 138 | 143 | w60 | 77 | 193 | 3% 39X | 426 [f4asT | 496 | 23 | sa3
30 | 38 | 150 | 163 | 155 | 206 | 245 403 | 438 | 470 | 509 | BT | DI
40 -} M7 | 222 | U4 |.265 | 29 | 3BT SI& | 55% | 533 | 637 | 668 | T4
50 | 280 | 297 | 324 | 343 | 377 | 429 | 493 | 563 | 827 675 | N4 | 762+ ™5 | €67
60 | 335 | 375 | 405 | 432 | 465 | 523 | 593 | 670 { M4 | 9.1 | 833 | 884 4 20 | w96
70 | 433 |- 454 | 433 | 517 | ;33| 617 {693 | 716 | w55 | %05 | 950 ) 100 | 104 | 112
80 |.512 | 535 | 572 | @4 | 643 | 71 | 193 | 81 | 966 | 102 | 107 | 112 ) 116 | 125
T90 | 392 ) 618 | 656 | 6.1 | 733 | 806 | §93 | 986 | 108 | 113 | N8 | 124 [ 28 | 137
10 (673 | TO1 | 742 |-T79 | 824 | 900 | 9937 we | us | 124 | 130 |.136 | M0 | 149

Sourcr; E S, Paarson eod H O. Hudley, Biomctritn Tables for Stasisticions, Vol 1 (1266), Teblz &, pagrs 137 and 138, by pormissica,
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Percentile Yalues X, for the
Chi-Sguare Bistribution
with v Hegrees of Freedoms

X | e | Xb L xe | B | e | e | Bu | 3| Bs | B

BIF| w
B
&

010 | 0201 | 0506 | 03 | 211 | 575 ) 139 | 277 | 460 | s99 | 738 { 91 | 106 | 138
o717 | M5 | 216 | 352 | 384 | (121 [ 237 | 41 | 625 | 781 | 935 | 113 | 128 | 163
207 | 297 |-4%4 | 711 | 1068 | 192 | 336 | 539 | 7272 | 949 | 11 | 133 | 149 | 185
d12 | sSS4-) ®31 | 115 1610) 267 | 435 | 663 | 924 | 101 128 | 150 | W67 | 205
616 | B72 {124 | 163 | 220 | 345 | 535 | 784 | 106 | 126 | 144 | 168 | 185 | 15
124 | 165 | 217 | 263 | 425 | 635 | 904 | 1z0 | 141 | 160 | 185 | 203 | U3
134 | 165 |- 218 {273 | 349 | s} 734 | 102 | 34 | 155 | 175 | o0 | mo | 61 |
1.3 209 2220 33 17 590 534 14 187 169 190 | 217 6 Z1.9

:E‘OCSQO\U\J‘-\—IN'—
']

260 | 305 { 3k | 457 [ sse {78 {103 | 7 [ 73 { 197 | 219 | 247 | 268 | 313

12 | 307 | 357 | 440 | 323 | 630 | 844 | 113 | 148 [ 425 [ 210 262 | 23 | 329 |
I3 | 357 | 4X1 | 501 | 559 | 784 | 930 | 123 160 E ZIT | 298 | 345
4 |} 407 .} 466 | 563 | 657 {779 { 102 | 133 17.1 29.1 | 313 { 364 |

15 | 460 | 3723 | 626 | 726 | 855 | 110 | 143 | 182
6 5.4 | 581 69r | 796 | 931 L9 { 153 94 |
17 | 170 | 641 | 756 | R67 | @1 | 122 | 163 | 205
i8 (626 | 700 a3 | 939 ] 109 | 137 | 173 | 216
19 | 68+ | 763 | 891 | QX |1L7 | 146 | 183 | 227
w0 | 743 | 826 | 99 | w09 ] 124 | 155 | 193 | 238
21 803 | ao0 | 103 ]| 116 | 132 | 63 | 203 | 249
864 [ 954 { 10 | 123 | 140 | 172 | 213 | 260
926 | 1wz | w7 | 131 | 148 | 1231 | 23 | 271
956 { 109 | 124 | B2 | 157 | ‘1m0 | 33 | 282
05 | 115 | 131 | 146 | 165 | 1997 243 | 293 3

yoA
3
24
26 |12 | 122 | 138 | 154 | 173 | 208 |- 233" | 304 | 35
71
28
239

306 | 32% 317
320 | 343 3%3 !

343 | ;2 | 423
362 | 386 | 4B
376 | 40D | 453
389 | 414 | 48
403 | 428 | @3 |
416 | 442 | BT
430 | 455 | 512

(456 | 483 | 541
- 470 | 496 | B5

e | 129 | 146 | 162 | &1 | 217 | 283" | 3135, ,
433 | 510 | %9

25 | 136 | 153 | 169 | 189 | 727 | 273 |"x26 |
130 | 143 | wo | 177 | 198 | 235 | 283: [, 3EAT 496 | 23 | 583
30 |15 | 150 | 163 | 185 | 206 | 245 | 293 3480 | . 509 | B7 | W7
40 | 207 | 222 | 244 |.28S | 791 | 337 | 393 | 456 | SI® | 558 | B3 | 637 | 668 | M4
50 | 280 | 297 | 324 | 343 | 377 | 429 [ 493 | 563 | @2 | 675 | ™4 | 7262 W5 | a7
« | 335 | 375 | 405 | 432 ) 463 |S23 | 593 | 670 | A4 | T9.1 | 833 | BRA 4 R0 | 996

70 | 433 | 454 | 433 | 5L7 | 553 | 617 | @3 | 776 | 855 | 905 | 958 | 100 | 104 | 112

80 | 512 [ S35 | 572 | 04 | 643 | 710 | 793 | 8% | 966 | 102 | 107 | 112 | 16 | 125
©%0 | 392 | 618 | 656 | 5.1 | 733 | 206 [ 93 | 986 | 108 | 13 | n8 | 12 | 28 | 137
100 (673 | TO1 | 742 {779 | 824 | 500 | 993°( 109 | us | 124 | 130 [.136 | M0 | 149

Sourcr; E S, Praron and H. Q. Huriley, Bigmetrika Tabler for Ssarirticiens, Vol. 1 (1366), Teble &, pages 137 x0d 138, by pormissica.
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T 95th Percentile Vaiues (0.05 Levels),
Fy o5, Tor the F Distribution

v, degrees of frecdom in numerator
v, degrees of freedom in denominator |

ANAERERE

Y3

4+
w
(=)
<
=]
(=}
S
)
Iy

20 24 Jo. | 0 60 | 120} =

161 1 200 | 216 | 225 | 230 | 234 | 237 | 239 | 241 [ 242 | 244 | 246 | 248 | 249 [ 250 | 251 | 252 | 253 | 254
1851 1901192 19.2[ 193 | 193] 194 19411941 1941194194 1941195| 195|195 195 195 19.5
101 | 9.551 928 { 9.12 ) 9.01 | 8.94 | 8.89 8.85 | 8.81 | .8.79 33.74' B.70 | B.6G | 8.64 | 8.62 | 859 | 857 | 855|853
771 | 6.94 | 659 | 639 | 6.26 | 6.16 | 6.09 6.04 { 600 ] 595|591 |586)580)|577)575]|5.72|5.69] 5.66|5.63 1
6.6 | 5.79 | 5.41 | 5.19{ 5.05 | 4.95 | 4.88 482477 | 4.74 | 4.68 | 4.62 | 4.56 | 4.53 | 450 4.46 | 4.43 [ 4.4014.37
599 | 5.14 | 4.76 | 4.53 | 4.39 | 4.28 | 4.21 4.15 | 4.10 ] 4.06 | 4.00 | 394 [ 3.87 | 3.84 | 3.81 | 3.77 | 3.74 | 3.70 | 3.67
5591474435 | 412|397 (387 (379|373 | 368 | 3.64 | 357 | 351 3.44 | 3.41 [ 338|334 | 330|3.27|3.23
532 | 446|407 | 3.84| 3.69 358|350 (344339 335(3.28|3.22|3.15 302 | 3.08{3.04|3.01|297|293
s12]4.26] 386 {3.63) 348337} 3.29(3.23|3.18 | 3.14 307 | 3.01 | 2.94 | 290 | 2.86 | 2.83 2.79 | 275|271 | !
10 | 4.9614.10]3.71 | 3.48 (333|322 3.14 1307|302 298|291 | 285|277 |274|270] 266|262 25'8 254
11 | 484]398) 359 }336]3.20|309|3.01| 295|250 | 285|279 | 272 | 2.65 | 261 | 257 | 2.53 | 249 | 245 | 240 '
12 |475]3.39) 340 | 3.26 | 3.11 [ 2.00 [ 291 [ 2.85 | 280 | 2.75 | 269 | 262 | 2.54 | 251 | 2.47 | 2.43 | 138 | 234|230
13 {467!3.80 341 {3.18]3.03}292|2.83 277|271 | 267|260 253|246 | 2.42| 238|234 | 230|225 134
14 4.6013.741 334 | 3.01 | 2961 285 | 276 | 270 2.65 | 2. 233 2461239235123V (227 | 222|218 | 213
15 |4s4!3.683.293.06]290] 279271 |264]259| 254|248} 240|233 |229|225|220 }-2.16 | 2.1 | 207
16 4491 3.63|3.24 | 3.01 | 285 2741 266259254 | 249 242 | 235 | 2.28 2;2-1 219 2215|211 | 206]201
i7 445|359 3.30(2.96|2.81 2701261 1255249 | 2451238 | 231|223 2_19 2215 {210 {2.06| 201 {i96
18 4.41]3.55 ].l_6 293 (277|266} 2581251 {246] 2411234227 | 219 |'215 2111206 1202|197 192
19 {a2813.52(3.03 | 290|274 [ 263 [ 2.54 | 248 | 242 | 238 | 231 | 223 | 2.16 | 2.11 | 2.07 [ 203 | 1.98 { 1.93 | 188
w0 | 435|349]3.00 | 2.87 {271 | 260 | 251 | 245 239 | 235 | 228 [ 220 | 2.12 | 208 2.04 [ 1.99 [ 1.95| 1.90 | 1.84
2 4.32|3.47|3.07 | 2.84 | 2.68 | 257 | 249 | 242 23712321225 218|210{ 205|201 196 | 1.92 { 1.87 [ 181
v 430) 3441305 282]266]255|246]240(234| 230223} 215|207 203|198 194|189 (84178
93 | 428|342 (303 | 280|264 253|244 |237 232|227 }220|213}2.05|201|1.96) (.91 | L.86] 181|176
3 | 426|340]3.01 278 } 262 {25t 242236230 225 | 218 | 2.11 { 2.03 | 1.98| 1.94 | LB9 | 1.B4 | 179 | 113
25 424 |3.39 2.()9 27612601249 240234 1228{ 224 (216]|209|2.01]156|1.92{1.87 | {32177 | LN
% | 4.23(337 (298|274 | 259 | 247} 23923222722 215207 {199 195{ 1.90 | 1.85 | 1.80 | 1.75 | 169
g 14211335296 273 | 257 | 246 | 237 | 231 | 225|220 { 2.13 | 2.06 [ 1.97 | 1.93 | 1.88 { 1.34 | 179 | 1.73 | 167
g | 420334 {295 271|256 | 245 | 236 | 2.29 | 224 | 2.19 [ 2.12 | 2.04 | 196 | 1.91 | 1.87 [ 1.82 | LTT | 171 | 165
a9 | 4a8l333 1203|270 } 255 | 243 | 235 {228 {222 { 218 | 210 | 203 | 1.94 | 1.50 | 1.85 | 1.81 | 1.75 [ 1.70 | 164
w0 {a17]332| 292|269 253|242 {233 {227 {221 [ 216|209 | 201 | 1.93 | 1.89 [ 1.84 [ 179 | 174 | 168 | 162
1 | 4.08({323 284 ] 261|245 )234[225 218 21212081200 1.92{1.84 | 1.7T9(1.74 {169 | 1.64 | 158 | 13}
4000315276253 237 | 225 {217 {210 | 204 1.99 | 1.92 | 1.84 | 175 [ 1.70 [71.65 | 159 | 153 | 1.47 | 139

120 | 3920307 268 245229 | 218209 [ 202 | 1.96| 1.91 [ 1.83 | 125 | 1.66 | 1.61 | 1.55 | 150 | 1434 (35 {'1.25

» | 3841300]260] 237 221 [ 210} 200 {1oa | rasiim3 | vas et usT]is2 | a6 |19 12|t |

Li..

Sonmve: . S, Pearson and H. O. Hanley, Biomeirike Tubles [z

O & N O U e W N

I R T T N voees:
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99th Percentile Yalues (001 Le

o)
3

1/
Y

- " 3
Fy.qq, for the F Distribut
v, degrees of frecdom in oure
v, degrees of freedom in deoorT
Fage oo
(\;""133556789101215202430&!’\:@
et 5
| 11052 | s000| 5403 | 5625 | 5764 | 5859 | 5928 | 5981 | 6023 | 6056 | 61085 | 6157 | 6209 | 6235 | 6261 | 6287 | 6313 | 633¥
2 {985 | 990|992 992|993} 993 |99.4|99.4|99.4]994]99.4 | 994994995 995 [995{95|H¥S ”
3 1341 | 308|295 (287 {282 {279 | 277 | 27.5 | 273 | 272 | 271 | 269 | 267 [ 26.6 | 265 | 264 | 263 | 162 :
s 1212118011671 160} 155] 152 150 148 | 147 145 | 14.4 | 142 | 140 [ 139 138 | 13.7 | 137 13.6
5 |63 133}121 | 114 | 11.0] 107 | 105 | 103 | 102 | 10.1 | 9.89 | 972 | 955 '9.47 (938|929 (92091t *
6 F1371 1091978 9.15| 875 | 8.47 | 826 | 8.10| 7.98 | 7.87 | 7.72 | 7.56 | 7.40 | 731 | 723} 7.14 | 7.06 | 697
7 {122 ]955| 845 ] 7.85| 7.46 [ 7.19| 6.99 ) 6.84 | 672 | 6.62 | 6.47 | 631 616 | 6.07 | 5.99 | 5.91 | 5.82 {574
8 | 113 | 865759 7.01 | 6.63 ] 637|618} 6.03 (591 | 581 567|552 536|528 520 5.121 503|495 . i
9 |106|802]699|642|6.06] 580|561 |5.47|335]5265.11|496 481|473 |465) 457|448 440 | 1
o | 1007561 655|599 | 564 | 539|520 5.06] 494 [ 4.85 | 4.71 | 4.56 | 441 {433 [4.25 | 4.17 } 4.08 1 400 * \
i1 losst721 6225671532 ) 5.07 | 489|474 | 463|454 | 440|225 | 410] 4023943586 3.78 {369 | :
12 1933 b 693 | 5051541 | 506 [ 4.82 | 4.64 | 450 [ 439 | 420 | 4.16 | 4.01 [ 3.86 | 3.78 | 3.70 | 3.62 354|345 |
(3 190716701574 F 521 $4.86 } 4.62 | 4.44 | 430 | 4.i9 | 4.10 | 3.96 | 3.82 | 3.66 | 3.59 | 351 | 3.43 1334|325
14 | 8.86 | 651|556 | 5.04 | 470 | 4.46 | 4.28 | 4.14 { 4.03 | 3.94 | 3.80 | 3.66 | 351 } 343 | 335 31-7_.3.1a~43.o9i
15 | 8.68 | 636|542 | 4.89 | 4.56 | 4.32 | 4.14.|-4.09-| 3:89 | 380 | 367 552 13370329 (321 | 3.13 | 305 (296 |
l6 |853| 6D 525 677 1 444 | 420 | 4.03 | 3.89 | 3.78 | 3.69 | 3.55 | 341 | 3.26 | 3.18 | 3.10 | 3.02 | 2.93 uml
17 lga0l611l519 467|434 |.4.10(3.93 | 379 [ 3.68 | 359 | 3.46 | 331 | 3.16 | 3.08 | 3.00 { 2.92 | 2.83 275 ;
18 18291601500 458|425t 401 38437136035 |337(3.23|3.08)3.00|292) 284275 15&!
19 | 818|593 501 {450 | 417 [ 3.94 [ 3.7 | 3.63 | 352 | 343 [ 330 1 3.15 | 3.00 | 292 4 284 | 2.76 | 2.67 {258 |
20 18101 5.85|484 {443} 4.10]387|370(356]346)337|3.23|3.09 294286278269 26]152 |
21 |8.02 578|487 | 437 [ 4.04 | 3.81 | 3.64 | 3.51./3.40 1331 | 3.17 | 2.03 | 2.68 230 | 272 | 2.64 | 2.5 | 246 |
22 1795|572 482 |'431 [ 399 [ 376 | 359 | 345|335 | 326 | 3.12 | 2.98 |2.83 | 275 | 2.67 [ 2.58 | 250 { 240 *
23 | 788 | 5.66 (476 | 426 | 3.94 | 371 [3.54 [ 3.41 [ 330 ] 321 | 3.07 | 2.93 | 2.78 | 270 | 2.62 | 2.54 | 2.95 | 235
24 |7.827 561|472 422 | 390 | 3.67 (350|336 {326 | 3.17 | 3.03 | 2.89 | 2.74 | 2.66 | 258 | 2.49 | 2.40 231 |
25 |777]557|4.68 | 4.18 | 3.86 | 3.63 | 3.46 [ 332 | 322 | 3.13 | 2.99 | 2.85 | 2.70 [ 2.62 | 254 | 2.45 | 236 | 227
26 1772|553 | 468 | 414|382 359 | 342|329 |3.18)3.09]|296 | 2.82 | 2.66 | 258 | 2.50 | 2.42 | 233 223
27 |768)549 460|411} 378 |356]339)326]3.15|3.06| 293|278 |2.63|255|247|238|229|220
28 | 164 | 545|457 | 4.07] 375353 |336] 323|312 3.03 |29 | 275 [ 2.60 | 252 | 2.44 | 235 [ 226 [ 217
29 | 760 | 542|454 | 4.04 {373 | 350 | 333 | 3.20 | 3.09 | 3.00 | 287 | 273 | 2.57 | 249 { 241 1 233 [ 223} 214 ;
30 |756]539 451 |402]320]347]330] 317307298284 | 270 | 255 | 247 | 239 [ 230 | 220 znl
40 | 731 |5.18|4.31 | 3.83 | 3.51 | 3.29 { 3.12 { 2.99 { 2.89 | 2.80 | 2.66 252 (2371229220 211|202 |92
60 | 7.08 4.—98' 413 3.65334 §3.12 [ 295|282 272 | 263 | 2.50 |-235 [ 220 | 212 | 2.03 | 1.94 | 1.84] 173
120 | 685 |4.793.95]3.48 | 3.17 [ 2.96 | 279 | 266 | 256 | 247 | 2.34 | 2.19 [ 203 | .95 1.86 | 1.76 | 1.66 | 153
@ | 663]|4.6] 378332 |3.02 (280|264 | 251 {241 {232 218 ) 2.04 | 1.38 [1.79 | L70 | 1.59 ‘ﬂ 132

Source: E.S. Pearson ind H. Q. Hartey, Biometrika Tablies for Stasissicians, Vol. 2 (1972), Teble 5,page 180, by permission.
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ORMULA FOR USE.IN BIOSTATISTICS AND BIOMETRICS

fean X :"-Zﬁ%i =
YL

or A+ (Zf““)k,

fm—fi ]

viode Mo = Li -+ [ 2fm—f1—-f2.

.2 ,Efl(XI —x)2

andard error; SE=

i

th:u'*’ _
Zfl =

F n<30

uartile Coefﬁcnent of Variation, Vo= -
_ Qa+Q1

i . My x
disson distribution = P(x) = f— i

x! !

ynfidence Interval, Cl= X ++Zaq,
v 2

- W/ (a/Vn);

st of Significance, Z= (X -

f . 2 : a. 2
2 where cr:-c- ~g,= (_1_ + _2._)
Jxl Z2 n, n, /-
st of Significance, T=—5—;

”

Q—Q

g
X x.
SE= 5= 2\/_, >30
Binomial Distribution ; P(x)="C,p* q"
Standard Normal Variable 7= il =
) : a
Cl=X +i‘Tg
2
o Xy —%p
= <2 A
-—{_——
‘J n N2 )
. fl—'fz 1312+7i2'5'2

- . __ P(ANB)
ndn:l_ona?, Probability P(A/B) = o0
PlAnAl  P(ARP(A/AL

e h N
Medxan = L,+; [;-C],

Coefficient of Va rlatlon CV~ = =

n
where o=
» 711-!-712—2

BEE

yes’ theorem P (A /A)= =5

3(x—x)

efficient of skewness 53 =

tosis Kur=
N

- ”)Y% 207 Y
\ fap M \Oﬁ\
-

—T

K

e 5 Or.Sk.:

z:?=1 P(Aj)P(A/Aj)

x—%)°

NS3
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2. Correlation Ty = Gy _ 2E-F)0-y) :————NEX’Y“ZXU \\Nzn XL
] 5: 5y NSy Sy NSy S, (WEx?-(Zx))(NEy- -(Zy)?)
3 Regress_ic_)n‘line oflga*t squares
E e e b E=DO-7) _ wpxr-zryy Sy -
r=a~+bx . . b=z =1 =y—5
T e BB ey T Y, @=Y - b
4. Chi-square
, o
2= YOTE) . nad-b?
= e
Lkl (@to)(b+d)(a-+b)(c+d)-
~ _ +b +d ' p?
5. Relative risk -ﬂ(i—l:& . "Sp=1 ALDR .
: cl(c+d)f c(a+b) Lo . n(n?-1)

" 6. Odds ratio o
. be

7. Mantel Haenzel

XZ (Zz =y Al— Zz—1 er) 2 af Lz (ai+bi)(az+cp) -
3 \ —— \
MH Zl_lvl : i

- R (ai+bi)(ci+di)(ai+éi)(bl--{-d,-)
—LoRer ) (aite) (bitdy)

' of(oi-1) . s
8. Anova . - 4 o ' ‘

: " : )

Cm=E . soracan = 59% — om i l & Ny MSt J—Jr L
n I . Hsb r\q ﬂb
2 . 2 2

55]":&--}- + et ch‘m
Da N2 Np

SE

= S5 (Total) ~ S5Treatment — 551004 or SS(Total) — SST — 555

MST =31 - MSE = 23£ o o MY

i . P L7 T usSE
MSB’_SSB,.‘ MSE— SSE
b-1 nN=p-b+1
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. Areas under the Staidard
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7 R 8 9‘

039 D3SE:
Ko7 RN 752
e AL
- 1480, AR

2180, 1 Mk

- A8, i 4980 -
49907 4590,
C LA - 4003
L 4995 4995
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3 = w‘i‘“‘\
. s of Toul! fo ' g
p ) / \bo(h cl(z,P ; i
\ . . . v ¥ . . . . °
4 : Tac {unction tabulated is ¢, tac value excezded in both directions with .
..n":i__i__,_l S ) ol freedoro (the 1008 percentage i
“lvr vy poin(). ) :

probability #ip & ¢ distiibution with » degrecs

’

Probebility of greater value, 2

]
|

DBegrees of
frccdom, v 0§ 08 ¢7 06 0-5 04 03 02 0l 0-05 002 00l 0-001 -:;
. : i 6
o1 0325 0510 G727 1000 11376 1963 3678 6314 122706 31821 63657 636-619 [;T/’ i
G4 0289 0445 0617 0Bl6E 1061 1386 1-88¢ 2520 4303 6965 9925 - 31-598 O
3 G137 0217 0424 0-58¢ 0765 0978 1250 1638 2:353 3182 4541 5-84) 12924 %
4 043 0171 G414 0569 04l 094l 190 1533 2132 2776 3741 4604 8610. T
5 0132 0267 0408 @559 0721 0920  IIS6 1476 2015 2571 3365 4032 6369 P
; m
6 0-131 0265  Q-404 0-553 07t8 . 0906 1-434 1-440 1-943 2447 3143 3-707 5959 “
7 0-130 0263  0-402 0-549 0711 0896 119 1415 1:895 2365 2998 3499 5-408
b 0130 - 0262 0-399 0-546 0-706 0-R89 1-1028 1-387 1-860 2-306 - 2896 3-155 5-041
9 0-129 0261 0-398 0-543 0-703 0-883 1-100 1-1383  1-833 2262 2-821 3250 4781
10 G123 Q260770397 073427 Q7007 CO°B79 1093 13720 (14812 2228 - 2764 ---3-169 - 4-587
it 0129 0260 G396 0-540 0697 0-876 1-08% 1-363 1796 - I0i 2718 5-1066 4-437
12 0122 0259 0395 0539 U-695 0-873 1083 1-356 1-782 2179 2681 3055 4318
I 0123 0259  0-394 0-535 0-694 0-870 [-079 1-350 1771 2160 2650 3012 4221
é 0-122 0258 0-39% N-537 0-692 G868 1-070 1-34% 1-761 2:145 2624 2977 4-1-10
5 o122 0-258 0393 0536 0-69i 0866 1071 -4 1-753 2131 2602 2947 07}
0428 0258 0392 0-535 0690  0-865 1-071 1-337 1-746 2:120 2:583 2921 4-015 |
et ¢2571 0392 0-534 0-633 0-363 [-065 1-333 1-74C . 2110 " 2:587 2-398 3965
0127 @257 0392 0-534 Q0688 0-362 1-067 1-330 1-734 2101 2552 2878 - 3922
127 0257 0391 0-5333° 0683 0-861 1-066 i-323 1-729 2093 2-539 2:861 3-833
0127 02357 0391 0533 0687 0860 1064 1:325 17925 2086 2528 2845 3850 ’ N
0127 0257 0391 0-532 0-686 0859 1-063 12323, 19721 2-:080 2:518 2-831 3819
0127 . G256 0390 0-532 0-686 0-858 1-061 1-321 77 2074 2-508 2:819 3-792
0127 0-256 0390 0-532 0-685 0858 1-060 1319 1-714 2-069 2-500 2-807 3767
0-127 0256  0-390 0-531 0-685 0857 1059 1-318 1711 2064 -2-492 2:797 3745
G127 0256 0-390 0534 0-681 U856 1058 - 1316 1708 2:060 2:435 2187 3725 .
Q127 0256 0390 531 - G684 0-856 1-058 135 1706 2:056 2:479 Y319 3-707 s
@ 0127 0256 0389 0-531 0684 0-855 1-057 1-314 1-703 2052 2473 2TH 3:690 g
0127 0256 0389 (530 0683 0835 10s6 1313 1701 2043 29067 2763 3-674 ;
0427 0256 0339 0530 0683 0854 1055 13U 1639 2045 . 2462 77560 13655
9'!27 0256 0339 0530 0-683 0-854 1-055 1-310 15697 2-042 2:457 2750 3-646 S
0126 0255 0388 0529 0681 0851 1050  1-303  1-684 2:021 2:423 2704 3:551 ;2)
0-126 0254 0387 0-527 0679 Q-342 1-046 1-296 1-671 2-CC0 2-390 2660 3-460
0126 0254 0386 0-526 677 0845 1-04) 1-289 1-658 1-980 2-358 2617 3-373
0-126 0253 0385 0-524 0674 0-842 1036 1-282 1-645 1-960 2:326 2:576 3:291
1 from Table 111 of Fisher and Yatcs (1963) by permission of the ruthors 2ad publishers.
=
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APPENDIX STATISTICAL TABLES

I‘,UILE X Percentage Points of the Studentized Range for 2 Throuagh
20 Treatments § Upper 5% Foints

4 5 6 =g 7 8 9 10

l 17.97 26.98 32.82 37.08 4041 43.12 4540 47.36 45.07
2 6.08 8.33 9.80 10.88 1174 12,444 13.03 13.54 13.95
3 4.50 -5.91 6.82 7.50 T 8.04 8.48 8.85 9718 9.46
4 393 504 5.76° 6.29 6.7 7.05 7.35 7.60° 7.83
~<id, 3 3.64 4.60 5.22 5.67 6.03 6.33 6.58 6.80 6.99
6 3.46 4.34 490" 5.30 5.63 5.90 5.12 6.32 6.49
7 334 . 4% 4.68 5.06 536 . 56] 5.62 6.00 5.16
8 3.26 4.04. 4.53 4.89 5.17. %5 540 5.60 522 5.92
9 3.20 3.95 4.4 476 5.02 5.94 5:43° 5.59 5.74
10 a.1s 2.88 433 4.65 4.9y 512 5.20 5.48 5.60
. 3.11 3.82 4.26 4.57 4.82 5.03 5.20 5.35 5.49
12 3.08 3.77 4.20 451 4.75 4.95 5.12 5.27 5.39
"15Y 3.06 3.73 4.15 445 . 469 4.88 505 5.9 5.32
I4* 3.03 3.70 411 4.41 4.64 4.83 4.99 5.13 5.25
15 3.01 3.67 . 4.08 437 . 459 478 4.94 5.08 5.20
16 3.00° 3.65 4.05 4.33 4.56 4.74 4.90 5.03 . 55
17 2.98 3.63 4.02 4.30 4.52 4.70 4.86 4.99 5.1
~ 18 2.97 3.61 4.00 4.28 449 467 +.82 4.96 5.07
"9 2.96 3.59 3.98 4.25 4.47 4.65 4.79 4.92 5.04
20 2.95 3.58 3.96 4.23 4.45 4.62 4.77 4.90 5.01
24 ‘292 353 3.90 417 7 437 4.5¢ +.68 1.81 4.92
3.49 3.85 4.10 4.30 4.46 4.60 4.72 4.82

3.44 3.79 4.04 4.23 4.39 4.52 4.63 4.73

3.40 3.74 3.98 4.16 4.31 4o 455 . 465

3.36 3.68 3.92 4.10 4.24 . 136 - 4.47 4.56

~3.31 3.63 3.86 4.03 4.17 4.29 439 447
*M*“\\\._N

12 13 14 15 16 17 18 19 120

1 50.59 T%’“m 5536 5539 5722 5804  58.83 59.56
2 14.39 14.75 15.08 1538 |5.65 15.91 16.14 16.37 16.57 16.77
3 9.79 9.95 10.15 10.35 10.52 1069 10.84 10.98 - (.11 11.94
4 8.03 8.21 8.37 8.52 8.66 g.79 8.9] 9.03 9.13 9.3

5 N 7.32 7.47 7.60 7.72 7.83 7.93 8.03 8.12 32l
6 6.65 6.79 - §.92 7.03 7.14 7.24 734 - 743 7.51 7.59
7 6.43 6.55 6.66 €.76 6.85 6.94 7.02 710 717
8 6.18 6.29 6.39 6.48 6.57 6.65 6.73 6.80 6.87
9 5.98 6.09 6.19 6.28 6.36 6.44 6.51 6.58 6.64
5.83 5.93 5.03 611 519 6.27. 634 .640 647

571 ¢ s.g 5.90 5.98 6.06 6.13 5.20 6.27 6.32

5.61 5.71 5.80 5.88 5.95 6:02 6.09 6.15 6.21

5.53 5.63 5.71 379 586 5.93 5.99 6.05 6.11

5.46 S.55 5.64 8.71 5.79 5.85 5.91 5.97 6.03

5.40 5.49 5.57 5.65 5.72 5.78 5.85 590 5.96

S 4 I Bl

O DISCONTINUATION
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APPENDIN -STATISTICAL TABLES AE53
TABLE . (continued)
Error
df 11 12 13 14 15 16 17 18 19 20
16 526 535 5.44 552 559 566 573 5.79 5.8¢  5.90
17 5.91 5.31 538 547 554 561 5.67 5.73 5.79 584
18 517 527 535 543 550 557  5.63 5.69 .74 5.79
19 5.14. 523 , 531 539 546 553 559 5.65 5.70  .5.75
20 5.11 5.20 528 536 543 549 555 5.61 5.66 571
24 5.01 5.00 518 525 532 538 5.4 5.49 5.55 5.9
30 4.92 300  5.08 515  5.21 5.27 533 338 543 547
40- | 4.82 490 .98 5.04 5.1 516  5.22 5.27 5.31 5.36
60 4.73 +.81 4.88 4.94 5.00 5.06 9.4 5.9 5.20 524
120 4.64 471 478 484 490  4.95 5.00  5.04 5.09 5.3
. 4.55 462 468 474 480 485 . 489 493 497 501
2y
Upper 1% Points
Error -
df 2 3 4 5 6 7 8 9 10
1 90.03  135.0 1643  185.6 °202.2  215.8 227.2  237.0 2456
9 14.04 19.02  22.29 2472 - 26.63  28.20 29.53  30.68  31.69
3 8.26 10.62 12.17 1333 1424 1500  15.64 16.20  16.69
4 6.51 8.12 9.17 9.96 10.58 [1.10 11.55 11.93  12.27
5 5.70 6.98 7.80 8.42 8.91 9.32 9.67 9.97  10.24
6 5.94 6.33 7.03 7.56 7.97 8:32 8.61 8.87 9.10
7 4.95 5.92 6.54 7.01 7.37 7.68 7.94 8.17 8.37
8 4.75 5.64 6.20 6.62 6.96 7.24 7.47 7.68 7.86
3 4.60 5.43 5.96 6.35 6.66 6.91 7.13 7.33 7.49
10 4.48 5.97 5.77 6.14 6.43 6.67 6.87 7.05 .0
11 439 5.15 5.62 5.97 6.25 6.48 6.67 6.84 6.99
12 432 5.05 5.50 5.84 6.10 632 6.51 6.67 6.81
13 426 4.96 5.40 5.73 5.98 6.19 6.37 6.53 6.67
14 4.21 ¢.89 5.32 5.63 5.88 6.08 6.26 6.4l 6.54
SRS 4.17 4.84 5.25 5.56 5.80 5.99 6.16 6.31 6.44
16 4.13 4.79 5.19 5.49 5.72 5.92 6.08 6.22 6.35
17 4.10 4.74 5.14 5.43 - 5.66 5.85 6.01 6.15. 627
18 4.07 . 4.70 5.09 5.38 5.60 5.79 5.94" 6.08 6.20
19 4.05 4.67 5.08 5.33 5.55 5.73 5.89 6.02 6.14
20 4.02 4.64 5.02 5.29 5.51 5.69 5.84 5.97 6.09
24 3.96 455 . 4.91 5.17 5.37 5.54 5.69 5.81 5.92
30 3.89 4.45 4.80 5.05 5.24 5.40 5.54 . 5.65 5.76
40" 3.82 4.37 4.70 4.93 5.11 5.26 5.39 5.50 5.60
60 3.76 . 4928 459 4.82 4.99 503 5.25 5.36 5.45
120 3.70 4.20 4.50 £71 . 4.87 5.01 5.12 5.21 5.30
@ 3.64 4.192 4.40 4.60 476 4.88 4.99 5.08 5.16
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