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Question |

Differentiate between probability and non- probability sampling

[5 marks]

b. A doctor believes that the proportions of births in this country on each day of the week are equal.

A simple random sample of 700 births from a recent year is selected, and the results are below.

At a significance level of 0.01, is there enough evidence to support the doctor’s claim?

[5 marks]
Day Sunday ' Monday | Tuesday & Wednesday | Thursday | Friday } Saturday ‘
|
! t
Frequency |65 103 114 116 15 R 75 l

A recent demographic survey in Swaziland revealed that about 22% of girls are pregnant before

their 18th birthday. Using the binomial probability formula. Suppose that this survey included a

random sample of 17 high school girls. Find the probability that:

i. No girl will be pregnant before her |18th birthday.

ii. Six or more girls will be pregnant before her |8th birthday.

iii. More than two but less than four girls will be pregnant

before her 18th birthday.

Question 2

[2 marks]
[5 marks]
[3 marks]

[20 marks]

At the beginning of an academic year, students studying Quantitative Research Methods in their

final year at a certain university were split into two tutorial groups, Group A (7 students) and

Group B (I students), with different instructors for the two groups. They all took the same

Quantitative Research Methods examination at the end of the year and achieved the percentage

marks tabulated below, where the marks for each group have been sorted into increasing order.

Examination marks

Group A

12

3

34

35

35

57

6|

Group B

36

39

46

48

58

66

69

70

77

Is there a significant evidence of a difference in the overall levels of performance between the

two groups? State carefully your null and alternative hypotheses, carry out an appropriate test

and use the 5% level of significance to draw conclusions.
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b. With over 50% of adults spending more than an hour a day on the internét, the number
experiencing computer-or internet- based crime continues to rise. A survey in 2010 of a random
sample of 1025 adults, aged |8 and older, reached by random digit dialling found 113 adults in the
sample who said that they or a household member had been the victim of a computer or internet
crime on their home computer in the past year. Give the 99% confidence interval for the
proportion $ of all households that have experienced computer or internet crime during the year
before the survey was conducted. [5 marks]

¢. The mean age at first marriage in Swaziland is assumed to be normally
distributed with mean 21 years and variance 26. What is the probability that?

i. A woman selected married before 20 years [2 marks]
ii. Suppose that 23% of women in this sample are classified as having married late, what is the
minimum age that woman has to be married to have married late? [5 marks]
iii. Approximately what proportion of the women married years before the average. [3 marks]

[20 marks]

Question 3

a. A Binomial probability distribution BIN~(10,0.7) gave the probabilities given in the table below:

Y P (y) F ()

0 0.0000| 0.00001
1 0.00014 0.00014
2 0.00145 0.00159
3 0.00900 0.01059
4 0.03676 0.04735
5 0.10292 0.15027
6 0.20012 0.35039
7 0.26683 0.61722
8 0.23347 0.85069
9 0.12106 0.97175
10 0.02825 1.00000

Calculate the following probabilities directly from the c.d.f:

i. P(Y<e) [2 marks]
i PEB<Y<<7) [2 marks]
ii. P5<Y<8) [2 marks]
iv. ~P(Y=4) [2 marks]
v. P(@) [2 marks]
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b. An immigration officer has been presented with a list of 24 persons coming into Swaziland
through the Ngwenya border. Of the 24 immigrants, only 18 immigrants had the appropriate
travel document. If the immigration officer decides to randomly select 4 persons for screening,

what is the probability that:

i. More than one, but less than 4 persons will have illegal travel documents? [2 marks]
it. ~ More than Z persons will have illegal travel documents [4 marks]
iii. Three to four persons will have illegal travel documents [2 marks]

c. Among UNISWA students who hold part-time jobs during the 2018 academic year, the
distribution of the time spent working per week is approximate normally distributed with a
mean of 20,20 hours and standard deviation of 2,60 hours. Find the probability that the average

time spent working per week for 18 randomly selected students who hold part-time jobs during

the year is not within | hour of the population mean. [2 marks]
[20 marks]

Question 4
a. Define a test statistic [2 marks]
b. What is a dependent variable and why is important in a demographic research? [3 marks]
c. Define a Type | error [2 marks]
d. OQutline the eight steps for testing hypotheses [8 marks]

e. A company wants to study the effect of instituting a mandatory ergonomics training programme.
A random sample of the workers was drawn to observe the number of worker injuries reported
before and after training. The data is presented in the table below. Has the training programme

reduced the number of worker injuries? Test using a level of significance of 0.010.

Worlker | | 2 3 4 5 6 7 8 K 10 TR
Before 3 3 5 4 4 2 iz 5 6 [ E
After 2 [ 2 2 3 2 i [ 4 4 2 5
[5 marks]
[20 marks]
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Standard Normal Probabilities

Table entry for z is the area under the standard normal curve
tothe leftof z.

. 0011

2.8 0026 .0025 0024 0023 0023 0022 0021 .0021 .0020  .0019

-0.6 2743 2709  .2676 2643 2611 2578 2546 2514 2483 .2451ii

-0.4 3446 3409 3372 333 3300 3264 3228 3192 3156 .3121




Standard Normal Probabilities T

Table entry for z is the area under the standard normal curve
to the left of z.

4 .00 01 .02 .03 .04 .05 .06 .07 .08 .09
5160 5199 5239 5279  .5319 5359

0.2 5793 .5832 5871 5910 5948 5987  .6026 6064  .6103 6141

0.4 .6554 .6591 6628 6664 .6700 6736 6772 .6808 .6844 .6879

06 7257 7291 7324 7357 7389 7422 7454 7486 7517 .7549

9222 9236 9251 .9265 9279  .9292 9306 9319

1.6 9452 9463 .9474  .9484  .9495 .9§05 9515 9525 9535  .8545

18 9641 .9649 9656 9664 9671 9678 9686 9693 .9699  .9706

.9963

99 .9980

79
&5

.9990

3.4 .9

A

b 9 g8 BT DG
59 89997 8997 9997 9997  .9997 .999




| |
T-12 1 Tables Tables l 713

Probability p Probability p

Table entry for p is the
critical value F* with
probability p lying to

Table entry for p is the
critical value F* with
probability p lying to

its right. F* its right. Er
L. F critical values {continued
F critical values ' )
. . Degrees of frecdom in the numerator
Degrees of freedom in the numerator
10 12 15 20 25 30 40 50 60 120 1000
p 1 2 3 3 5 6 7 3 9 *
) - N N 60.19 60.71 61.22 61.74 62.05 62.26 62.53 62.69 62.79 63.06 63.30
100 3986 49.50 53.59 55.83 57.24 58.20 53.91 59.44 $9.36 24188 24391 24595 24801 24926  250.18 25114 25077 25220 25323 25419
.050 161.45 199.50 21571 224.58 230.16 233.99 236.77 238.88 240.54 968.63 976.71 984.87 993,10 998.05  1001.4 1005.6 1008.1 1009.8 1014.0 1017.7
i 05 64779 799.50 864.16 895,58 92185 937.11 943.22 956.66 963.28 60558 61063 6157.3 62087 6239.8 62606  6286.8 63025  6313.0 63394 63627
010 | 40522 4999.5 5403.4 5624.6 5763.6 5859.0 5928.4 59811 6022.5 605621 610668 615764 620908 624017 626099 628712 630285 631337 833972 636301
001 | 405284 500000 540379 562500 576405 $85937  S92873 593144 602284
. _ 9.39 9.41 9.42 944 9.45 9.46 9.47 9.47 9.47 9.48 9,49
-100 3.53 9.00 9.la 9.24 9.29 2.33 9.35 9.37 9.38 19.40 19.41 19.43 1945 19,46 19.46 19.47 19.48 19.48 19.49 19.49
036 18.51 19.00 19.16 19.25 19.30 19.33 19.35 19.37 19.38 19.40 30.41 39.43 39,43 39.46 39.46 39.47 39.48 39.48 39.49 39.50
2 e 38.54 39.00 39.17 39.25 39.30 39.33 19.36 39.37 39.39 99.40 99.42 99.43 $9.45 99.46 99.47 99.47 99.48 99.48 99.49 99,50
10 93.50 99.00 99.17 99.25 $9.30 99.33 99.36 99.37 99.39 999.40  999.42 999.43 99943 99946 99947  999.47  995.48 99948 99949  999.50
001 99850  999.00 999.17 999.25 999.30 $99.33 999.36 999.37 999.39
) i B} . . 523 522 5.20 5.18 517 5.17 5.16 515 5.5 5.14 .13
L 100 5.54 5.46 5.39 5.34 33t 5.28 5.27 5.28 5.24 879 .74 870 8.66 8.63 8.62 8.59 .58 857 855 853
g 050 1013 9.55 .28 9.12 2.01 8.94 8.89 8.85 §.81 14.42 14.34 14.25 14.17 14.12 14.08 14.04 14.01 13.99 1395 1391
g 3 o 17.44 16.04 15.44 15.10 14.88 14.73 1462 14.54 1447 2723 27.05 26.87 26.69 26.58 26,50 26.41 26.35 26.32 26.22 26.14
& 010 34.12 3632 29.46 2871 2824 27.81 27.67 27.49 27.35 129.25 12832 12737 12682 12584 12545 124,96 124.66 124.47 12387 123.53
g 001 167.03 148.50 141,11 137.10 13458 132.85 131.58 130.62 129.86
3 } 3.92 340 387 3% 3.83 382 3.80 3.30 379 378 376
2 100 434 4.32 4.19 all 4.03 4.01 3.63 3.95 394 5.96 591 5.86 5.30 5.77 .73 572 5.70 5.69 5.66 5463
Z 050 771 6.94 6.39 6.39 6.26 6.16 6.09 6.04 6.00 8.84 3.75 8.66 8.36 5.50 8.46 8.4 8.38 8.36 8.31 8.26
=4 025 12.22 10.65 9.53 9.60 9.36 9.20 2.07 8.98 8.90 1455 14.57 14.20 14.02 1351 13.84 13,75 13.69 13.65 1356 13.47
H 010 2120 18,00 16.69 1558 15.52 15.21 14.98 14.30 14.66 48.05 47.41 26.76 46.10 45.70 43,43 45.09 44.88 44.75 41.40 44.09
2 001 7414 61.25 56.18 5344 5171 $0.53 49.66 49,00 48.47
& i} ) 3.30 3.27 224 321 3.19 317 316 215 3,14 312 3.11
g -100 .08 3.78 3.62 352 3.43 3.40 337 3.34 3.32 4.74 4.68 4.62 456 452 450 4.96 4.44 443 240 437
@ 030 6.61 5.79 5.41 5.19 305 4.95 4.88 432 477 6.62 6.52 6.43 6.33 6.27 623 6.18 6.14 6.12 6.07 .02
g 5 0 10.04 843 7.76 7.39 7.15 6.98 6.85 6.76 6.68 10.05 9.89 5.72 9.55 9.45 9.38 9.29 9.24 9.20 9.11 9.03
oy 010 16.26 13.27 f2.06 11.39 097 10.67 1046 10.29 19.16 26.92 26.42 25.91 25.39 25.08 24.87 24.60 2444 24.33 24.06 23.82
a 001 47.18 3712 33.20 3109 29.75 28.83 28.16 27.63 27.24 N
. X 294 2.90 287 2.34 281 2.80 2.78 277 276 274 272
-100 3.78 3.46 3.29 318 3.4 3.08 3.01 298 2.96 4,06 4,00 3.94 2,87 383 3.81 177 375 3.74 3,70 367
050 3.99 514 176 4.83 4.39 4.28 4 415 4.10 5.46 5.37 5.27 .17 511 5.07 .01 498 4.96 4,90 4.6
6 025 8.81 7.26 6.60 6.23 5.99 5.82 3.7 3.60 5.52 747 7.72 7.56 7.40 7.30 7.22 7.14 7.09 7.06 6.97 6.39
010 13.75 10.92 9.78 9.13 8.75 .47 8.26 .10 7.98 18.41 17.9% 17.56 17.12 16.85 16,67 16.44 16.31 16.21 15.98 15.77
001 35.51 27.00 23.50 2192 20.30 20.03 19.46 19.03 18,69
. 2.70 257 2.63 2.59 257 236 254 2.52 .51 2.49 247
-100 359 3.26 3.07 2.96 2.88 2.83 2.78 2.78 272 364 357 351 344 3.40 338 1.34 332 330 337 3.3
050 5.59 4.74 4.35 412 3.97 3.87 379 3.73 3.68 4.76 4.67 157 447 4,40 4.36 4.31 4.28 4.25 4.20 415
7 02 8.07 6.54 5.89 5.52 529 5.12 499 4.90 4.82 6.62 6.47 631 6.16 6.06 5.99 591 5.86 5.82 sk 5.66
810 12.25 9.55 8.45 7.85 7.46 7.19 6.99 6.84 6.72 14.08 13.71 13.32 12.93 12.69 1253 12.33 12.20 12.12 11.91 11.72
001 2925 21.69 18.77 17.20 16.21 15.52 15.02 14.63 14.33

- Wontinued)



T-14 | Tables Tables T-15

F critical values {continued) F critical values (ontinued)
Degrees of freedom in the numerator Degrees of freedom in the numeratar
r 1 2 3 4 3 & 7 8 9 10 12 15 20 25 30 40 50 60 120 1000
Jdae 3.46 3.1 2.92 2.81 273 247 2.62 2.59 2.56 2.54 2.50 2.46 2.42 2.40 2.33 2.36 2.33 2.34 232 2.30
050 5.32 4.46 4.07 3.84 3.69 358 350 3.44 3.39 3.35 3.28 3.22 3105 31t 308 304 3.02 301 297 293
8 025 157 606 5.42 508 4.82 4.65 453 4.43 4.36 4.30 4,20 4.10 4.00 3.94 3.89 384 3.81 378 3.73 3.68
.ote 11.26 8.63 7.59 7.01 6.63 6.37 6.18 6.03 591 5.81 5.67 5.32 5.36 5.26 520 5.12 5.07 5.03 493 4.87
001 2541 18.4% 15.83 14,39 13.48 12.86 12.40 12.05 11.77 14,54 Piag 10.84 10.48 10.2¢6 0.4 992 9.30 9.73 9.53 .38
100 3.36 3.0t 281 26% 2.61 2,55 2.51 2.47 2.44 242 2.38 2.34 2.3¢ 2.27 2.23 223 2.22 221 2138 216
050 512 4.26 3.86 363 348 337 329 3.23 3.18 3.14 307 3.0t 2.94 .89 2.86 2.43 2.80 279 2713 271
9 028 7.21 5.71 5.08 472 4,48 4.32 4.0 4.10 4,03 3.96 387 377 367 3.60 356 351 347 .45 3.39 334
.01¢ 10.56 3.02 6.9 642 6.06 5.80 5.61 5.47 5.33 5.26 5.11 4.96 4.81 4,71 4635 4.57 432 4.48 4.4¢ 4.32
i3 22.86 16.39 1390 12.56 11.7% 11.13 10.70 10.37 10.11 9.89 9.537 9.24 8.90 §.69 8.55 $.37 8.26 819 8.00 7.84
160 3.29 292 273 261 2.52 2,46 241 2.38 2.35 2.32 2.28 2.24 2.20 217 .16 213 2.12 2.11 2.08 2.06
050 4.96 4.10 371 348 3.33 322 314 3.7 302 298 291 2.8% 2.77 273 270 2.66 2.64 2,62 2.58 254
10 025 6.94 5.46 4.83 447 4.24 407 3.95 385 3,78 372 3.62 3.52 3.42 3.35 3.31 3.26 3.22 320 3.14 3.09
010 10.04 7.54 6.55 599 5.64 5.39 5.20 5.06 4.94 4.835 471 4.36 4.41 4.31 4.25 4,17 4.12 4.08 4.00 392
001 21.04 14.91 12.55% §1.28 10.48 9.93 9.52 9.2Q 8.96 8.75 843 §.13 70 7.60 7.47 7.30 749 7.12 6.94 6,78
100 3.23 2.86 2.66 2.54 245 2.39 2.34 2.30 2.27 223 2.21 2,37 2,12 210 2.08 208 2.04 203 2.00 1.98
050 4.34 398 359 3.36 320 3.09 3.01 295 290 283 2.79 272 2.635 2,60 2.57 2.53 2.51 2.49 2.4% 2.41
o 11 025 6,72 5.26 4.63 4.28 404 3.88 376 3.66 3.59 3.53 343 3.33 323 3.16 31 3.06 303 3.00 2.94 2.88
g 010 9.65 7.21 6.22 5.67 5,32 5.07 4.89 4.74 4.63 4.54 440 4.25 4.10 4.01 384 3.86 381 3.78 3.69 36
% 001 19.89 13.81 1156 10.35 9.58 ¢.05 $.66 835 8.12 7.92 7.63 .32 7.01 6.81 6.68 6.52 6412 6,35 6.18 6.02
g
2 100 318 2.31 261 243 2.3% 2.33 228 2.24 2.2 2.19 215 2,10 2.06 2.03 201 1.59 1.97 1.98 1.93 1.51
= 050 475 3.89 3.49 326 3t X)) 291 285 2.80 273 2.69 2.62 2.54 2.50 147 243 240 2.38 2.34 2.30
2 12 023 6,55 3.10 447 412 3.89 373 3.61 351 3.44 337 3.28 N 107 3.01 2.96 29 2.87 2835 2.79 273
= 080 933 6.93 5.93 5.41 5.06 4.32 4.64 4.50 4.39 4.30 4.16 4.01 388 3.76 370 3.62 3.57 334 3.4% 3.37
= 041 18.64 1257 10.8¢ 9.63 8.39 8.38 8.00 7.7 743 7.29 7.00 6.71 6.40 6.22 609 583 5.83 5.76 5.59 5.44
£
’% 100 3.4 2.6 256 2.43 2.35 228 2.23 2.20 2.16 2,14 2.10 2.405 20t 1.98 1.96 1.93 1.92 1.90 1.88 1.85
2 0350 4.67 381 341 3138 303 292 283 2.77 21 2.67 2.60 2.53 2.46 2.41 238 2.34 2.31 2.30 2.2% 231
= 13 025 6.41 497 4.33 4.00 377 3.60 348 3.39 33 3.25 3.8 3.05 2.95 2.88 2.84 2.78 274 172 2.66 2.60
o 010 9,07 6.70 574 5.21 a4.86 4.62 4.44 4.30 4.49 4.10 356 KR.7) 366 3.57 381 3.43 338 334 3.23 393
i 001 17.82 12.31 10.21 9.07 835 7.86 e 7.21 6.98 6.80 6,52 $.23 3.93 .75 563 5.47 5.37 530 3,14 4.99
2]
a 100 3.10 .73 232 2.3% 2.31 2.24 2.19 2.13 212 240 2,05 2.01 1.96 1.93 1.91 1.89 1.87 1.84 1.83 1.80
050 4.60 374 3.34 il 296 2.85 276 2.70 2,63 2.60 233 2,36 2.39 1.3 2.31 227 2.24 2.22 2.18 214
14 018 4,30 4.86 4,24 389 3.66 350 3.38% 3.29 321 313 305 2.95 2.84 273 2.73 2.67 2.64 2.61 2.5% 2.50
010 8.86 .31 3.56 5.04 4.69 4.46 4.28 4.14 4.03 394 3.80 3.66 3.51 341 3.35 3.27 3.22 3.18 3.09 3.02
001 17.14 1173 973 &2 792 7.44 7.08 6.80 6.38 6.90 6.13 5.85 356 5.38 5.2% 5.10 5.00 494 4.77 4.62
100 3.07 2370 248 2.36 2.27 2.2 2.16 2.12 2.09 2.06 202 1.97 1.92 1.89 1.87 188 1.83 1.82 1.79 1.76
050 4.54 368 329 3.06 2,90 279 271 2.64 259 2.54 2.48 2.40 2.33 2.28 2.25 2.20 2.18 2.16 2.11 2.07
15 025 6.20 4.77 4.15 380 358 341 3.2y 3.20 312 3.06 296 2.86 2.7¢ 2.69 2.64 2.5 2.58 2.52 2.46 240
01 868 6.36 542 4.89 4.5 4.32 4.14 4.00 3.89 3.80 3.67 3.52 337 3.28 324 3.1 3.08 3.08 2.96 288
Rel) 16.59 11.34 9.34 8.25 7.57 7.09 6.74 647 6.36 6.08 5.81 8.5 5.2% 5.07 3.95 4.80 470 4.64 4.47 4.33
100 303 267 246 2.33 224 243 213 2.09 21,06 203 1.99 1.94 1.89 1.86 1.84 181 1.79 1.78 175 1.72
050 4.4 363 324 30 2.85 274 2.64 2.5 2.54 249 242 235 2.28 223 2,19 215 212 211 2.06 2.02
16 025 6,12 4.69 4.08 373 3.50 3.34 3.1 312 3.08 399 2.89 2.7% 2.68 261 2,37 251 2.47 2.43 2.33 2.32
010 8.53 6.23 519 377 4.44 4.20 4.03 3.39 3738 3.69 3.35 341 326 3.16 310 302 297 2.93 2.84 276
001 1612 10.97 9.01 7.94 7.27 6.80 646 6.19 5.98 5.81 5.35 5.27 499 4.82 470 4.54 443 4.39 4.23 4.08
100 3.03 2.64 .44 2.3 .22 218 .10 2.06 .03 2.00 1.96 191 1.86 1.83 1.81 1.78 176 175 172 1.69
050 4.45 359 320 2.96 281 270 261 2.58 2.49 243 2.38 2.31 2.23 2.18 213 2.10 2.08 2.06 2.0% 1.97
17 025 6,04 4.6 4.01 3.66 3.44 3.28 3.16 3.06 2.98 292 2.82 .72 2.62 2.55 2.50 2.44 2.41 2.38 .32 2,26
Q10 8.40 6.11 819 4.67 4.34 4.10 3.93 379 3.68 3.59 3.4 3.31 3.16 3.07 3.00 292 2.87 2.83 238 2.66
001 15.72 10.66 873 768 7.02 6.56 6.22 5.96 5.75 5.58 5.32 5.05 4,78 4.60 4.4% 4.33 4.24 .18 4.02 3.87
£
{Continued}
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T-17

Degrees of freedorm in the numerator

F critical values (continued)
Degrees of Beedom in the numerator
v 1 2 3 4 5 6 7 8 g
100 3.01 2,62 2.42 2.29 2.20 2.13 208 2.04 2.00
050 4.41 355 3.16 293 277 266 2.58 2.51 2.46
18 025 598 4,56 3.95 3.61 3.38 3.22 310 3.01 293
010 8.29 6.01 5.09 458 4.2% 4.01 3.84 371 3.60
001 15.38 10.39 8.49 7.46 641 6.35 6.02 3.76 5.56
100 2.99 2.61 2.40 227 2.13 21t 2.06 2,02 1.98
050 438 3.52 3.13 2,90 274 283 2.54 2.48 242
19 025 592 4.51 3.90 156 333 347 3.08 2.96 2.88
010 §8.18 593 5.01 4.50 4.17 3.94 377 3.63 3.52
001 15.08 10.16 8.28 7.27 6.62 6.18 5.85 5.59 5.3%9
100 2.97 2.59 2.38 2.25 2.16 2.0% 2.04 2.00 1.96
050 4.35 149 3.10 2.87 271 2.60 2.51 2.45 239
i) 025 5.87 4.46 3.86 3.51 3.29 313 3,01 291 284
010 210 5.85 4.94 4.43 4.18 3.87 37 3.56 346
001 14,82 9.95 810 7.10 6.46 6.02 5.69 344 524
100 2.96 2.57 2.36 223 2.14 .08 202 1.98 1.95
050 4.32 3.47 307 2.84 2.63 257 2.49 242 237
o 21 025 5.83 4.42 382 3.48 3.25 309 297 2.87 280
Z 010 .02 378 4.87 4.37 4.04 381 3.64 3.51 340
2 001 1459 $.77 7.94 6.95 6.32 5.88 5.56 5.31 5.1t
E 100 2.95 2.56 2.35 2.22 2.13 2,01 1.97 193
=2 4050 4.30 344 3.05 2.82 2.66 246 2.40 234
& 22 0258 579 4.38 3.78 344 3.22 2493 2.84 276
_'; 010 7.95 5.72 432 4.31 399 3.59 345 335
= 001 14.38 v.61 7.80 6.81 619 5.44 5.19 4.99
‘:3: 400 294 2.55 2.34 2.21 2.11 2.05 1.99 1.95 192
2 0850 4.28 3.42 3.03 2.80 264 233 244 2.37 2.3z
- 23 025 5.75 .38 3.7s 341 318 3.0z 290 2.84 273
v 010 7.88 5.66 4.76 4.26 3.94 37 354 34 3.30
,::’3 001 14.26 9.47 7.67 $.70 6.08 5.65 5.33 509 4.89
5%
a 100 293 2.54 233 219 2.10 2,04 1.98 1.94 191
A50 4.26 3.40 3.0t 278 262 2,51 242 2.36 230
24 025 572 +.32 372 3.38 3.15 2.9% 2.87 2.78 2.70
2810 782 3.61 4.72 4.22 3.90 3.67 3350 3.36 326
001 14.03 9.34 755 6.39 5.98 5.55 5.23 4.99 4.80
100 292 2.53 2.32 218 2.09 2.02 1.97 1.93 1.89
059 4.24 3.39 299 276 2.60 249 2.40 2.34 228
25 025 5.69 4.29 3.69 3,33 3.13 297 2.85 2.75 268
010 777 5.57 4.68 4.18 3.85 3.63 3.46 332 322
001 13.38 9.22 7.45 6.49 5.89 5.46 5.15% 4.51 4.71
100 2.5¢ 252 2.31 2.17 203 201 1.96 192 1.88
450 4.23 3.37 2.98 274 2.59 247 2.39 232 227
26 028 5.66 4,27 387 3.33 310 2.94 2.82 273 2.65%
010 772 5.83 4.64 4.14 3.82 359 342 3.29 3.18
001 1374 g.12 7.36 6.41 5.80 5.38 5.07 4.83 4.64
100 2.90 251 2.30 217 207 2.00 1.95 1.91 1.87
050 4.21 3.35 2.96 273 2.57 2.46 2.37 2.31 228
27 0258 5.63 4.24 3.63 331 3.08 2.92 2.80 2.7¢% 283
210 7.68 5.49 4.60 411 378 3.56 3.39 326 3.15
Rilth 1381 9.02 7.27 6.33 573 531 5.00 4.76 4.57

15 20 25 30 40 50 60 1000
1.8% 1.84 1.30 1.78 L75 1.74 1L72 1.66
2.27 215 2,14 2.1t 2.06 2.04 2.0 1.92
2.67 2.56 249 144 238 2.3% 232 2.30
323 3.08 2.98 292 2.84 2.78 2,75 2.58
4.87 4.59 4.42 4.30 415 4.06 4.00 369
136 1.81 1.78 176 173 171 1.76 1.64
2.23 1le 2.41 2.07 203 200 1.98 1.88
262 251 2.44 2.3 2.33 2.30 227 214
315 3.00 2.91 2.84 276 271 267 2.30
470 4.43 4.26 4.14 3.99 390 334 3.53
1.34 179 1,76 1.74 L7 1.69 1.68 61
220 2.12 2.07 2.04 199 1.97 1985 185
2.57 2.46 2.40 2.35 2.29 2.25 222 2.09
3.09 294 2.84 2.78 2.69 2.64 2.61 2.43
4,56 4.29 4,12 4.00 386 377 370 3.40

9 1.83 1.78 174 1.72 1.69 1.67 1.66 159
.3 218 2.10 205 2.01 196 1.94 192 182
.7 2.33 242 2.36 2.3% 225 2.21 218 205
3 303 2.38 279 272 2.64 2.58 2.55 237
.95 4,44 4.17 4.00 3.88 3.74 3.64 3.58 3.28
1.81 1.76 1.73 1.70 1.67 1.65 1.64 1.37
2,13 207 202 1.98 1,94 1.81 1.89 L7
2.50 2.39 2.32 2.27 2.21 217 2.14 2.0
2.98 2.83 273 2.67 2.58 2.53 2.50 2.32
4.33 4.06 3.39 3.78 363 3.54 3.48 3.17
1.80 174 171 1.69 1.66 1.64 162 1.55
2.13 2.05 200 1.96 1.91 1.83 1.86 176
247 2.36 2.29 224 2.18 214 211 1.98
293 278 2.69 2.62 2.54 2.48 2.43 2.27
4.23 3.96 3.79 3.68 3.53 3.44 3338 3.08
1.78 173 1.70 1.67 1.64 1.62 1.61 1.54
2.11 2.03 1.97 1.94 1.89 1.86 L4 1.74
2.44 233 2.26 2.2t 215 2,11 2.08 1.93
2.89 274 2.64 2.58 249 2.44 2.40 2.22
4.14 387 3.71 359 345 3.36 329 2.9¢
.77 1.72 1638 1.66 1.63 1.61 1.59 1.52
2.09 2.01 1.96 192 1.87 184 142 1.72
2.41 2.30 223 218 2.12 2.08 2.05 1.91
2.85 270 2.60 254 245 . 2.40 2.36 2.18
406 379 3.63 352 3.37 3.2% 322 2.9
1,76 1.7t 1.67 1.65 1.61 1.59 1.58 1.31
2.07 1.99 154 1.90 1.85 1.82 180 .70
2.39 2.28 2.21 2.6 209 2.0% 2.0% 89
2.81 2.66 2.57 2.30 242 2.38 233 2.14
3.99 372 336 3.44 330 324 3.15 234
175 170 1.66 1.64 1.60 1.58 1.57 1.30
2,06 197 1.92 1.88 1.84 1.81 1.79 168
2.38 2.2% 248 213 257 2.03 2.00 1.86
278 2.63 2.54 247 2.38 232 2.29 2.1¢
392 3.66 349 238 3.23 314 3.08 2.78
(Contined)
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F critical values {continued)

Degrees of freedom in the numeratar

r 1 2 3 4 s [ 7 8 g

100 2.89 2.50 2.29 2.16 2.06 2.00 1.94 190 1.87

050 4.20 3.34 295 2.7 2.56 2.45 2.36 2.29 2.24

28 023 5.61 .22 363 329 3.06 250 2.78 2.69 2.61

Q10 7.64 5.45 4.57 4.07 3.75 3.53 3.36 3.23 312

.01 13.50 893 719 6.25 5.66 5.24 4.93 4.69 4.58

100 289 250 2.28 2.13 2.06 199 1.93 1.89 1.86

030 4.18 133 2.93 2.70 2.53 243 235 2.28 222

9 025 5.59 4.20 3.8l 1z7 3.04 2.88 276 2.67 2.5%

010 7.60 5.42 4.54 4.04 3.73 2,50 3.33 3.20 309

001 13.39 8.85 12 6.19 5.5% 5.18 4.87 4.64 4.45

100 2.88 2,49 2.28 2.14 2.05 1.98 1.93 1.88 1.85

050 447 232 292 2.69 153 242 2.33 2.27 221

30 025 5.57 <413 1359 325 3.03 2.87 375 2.65 257

010 7.56 5.39 451 4.02 370 3.47 3.30 3.17 3.07

.00 13.29 8.77 .05 6.12 5.53 542 4.82 4.58 4.39

100 234 2.44 223 209 2.00 1.93 187 1.83 1.79

050 4,08 323 2.84 2.6t 245 2.34 2.25 2.18 212

w 40 025 5.42 4.05 3.46 3.13 2.9 2,74 2.62 2.53 245

= 010 7.31 513 4.3 3.33 3.51 329 sz 2.99 2.89

g 401 12.61 3,25 6.59 5.70 5.13 473 4.44 4.21 4.02
=S

2 Bl 2.81 2.41 220 2.08 197 190 1.B4 1.80 1.76

1 050 4.03 318 2,79 2.56 2.41 2.29 2.20 2.43 2.97

9 50 025 5.34 3.97 3.39 303 233 2.67 2.55 246 2,38

= 010 717 5.06 4.20 3.72 3.4 319 3.02 2.89 2.8

2 001 12.22 796 6.34 546 4.90 4.51 4,22 4.00 3.82

= 100 2.79 2.39 2.18 2.04 1.95 1.87 1.82 177 1.74

§ Q50 4,00 315 276 2.53 2.37 225 217 2,10 2.04

= 60 025 5.29 393 334 3.01 2.7% 2.63 251 241 2.33

pod 010 7.08 4.98 413 365 334 342 .95 2.82 2.72

§ o1 1197 777 6.17 531 4.76 4.37 4.09 3.86 3.69
o

& 100 176 2.36 2.14 2.00 181 1.83 178 1.73 1.69

050 3.94 3.0% 2.70 2.46 2.3 2,19 2.16 2.03 1.87

100 025 5.18 383 3.25 2.92 270 .54 2.42 2.32 2.24

010 6.90 4.82 3.98 3.51 321 299 182 2.69 2,59

001 1150 7.44 5.86 5.02 448 4.11 383 3.61 344

100 273 2.33 2.1t 1.97 1.83 1.80 175 1.70 1.66

050 189 3.04 3.63 242 226 2.14 2.06 198 1.93

200 025 510 376 3.18 2.33 2.63 247 2.35 2.26 2.18

010 6.76 4.71 388 341 3l 2,89 2.73 2.60 2.50

.001 11,15 7.13 5.63 4.31 4.29 292 365 343 3.26

100 271 2.31 2.09 1.95 185 178 1.72 1.63 Lé4

050 3.85 3.00 2.61 2.38 2.22 211 2.02 1.9% 1.8y

1000 025 5.04 370 313 280 2,58 242 230 2.20 213

010 6.66 4.63 3.80 334 3.04 282 2.66 2.53 243

001 10.89 4.96 3.46 4.65 4.14 278 351 3.30 313

Tables

T-19

F critical values (continued)
Degrees of freedam in the numerator
10 12 15 20 25 30 40 30 120 1000
1.34 1.79 1.74 1.69 1.65 1.63 1.5¢ 1.57 1.56 1.52 1.48
2,19 212 204 1.96 1.91 1.87 182 1.79 177 1.71 1.66
2,595 245 2,34 2.23 2.16 211 2.05 2.0 1.98 191 1.84
303 2.90 275 2.60 2.51 2.44 2.35 2.30 2.26 2,17 2.08
4.35 4.114 3.86 3.60 343 332 3.18 3.09 302 2.86 272
1.83 1.78 173 1.68 1.64 162 1.58 1.56 1.51 1.47
2.18 2.10 2.03 1.54 1.89 1.85 1.81 1.77 170 1.65
253 243 2.32 2.2% 2.14 2.09 203 199 1.89 1.82
3.00 2.87 273 2.57 2.48 2.41 2.33 2.27 214 203
4,29 4.0% 3.80 354 3.38 327 312 3.03 2.81 2.66
1.82 1,77 1.72 1.67 1.63 1.61 1.57 1.53 1350 1.46
2.16 2.09 201 1.93 1.88 1.84 179 176 1.68 1.63
254 241 2.3 220 2.12 2.07 281 1.97 1.87 1.80
258 2.84 270 2.55 2.45 239 2.30 2.28 2.1t 2.02
4.24 4.00 3.75 349 333 322 3.07 298 276 2.61
1.76 1.71 1.66 1.61 1.57 1.54 1.51 1.48 L. 1.42 1.38
2.08 2.00 192 1.84 1.78 1.74 1.69 1.66 1.64 1.58 1.32
239 2.29 218 2.07 1.99 1.54 1.88 1.83 1.30 1.72 165
2.80 2.66 2,52 2.37 237 .26 2.1t 2.06 2.02 192 £.82
3.87 364 340 114 2.98 287 2.73 2.64 2.57 2.41 2.25
1.73 1.63 1.63 1.57 1.53 1.50 1.46 1.44 1.42 1.38 1.33
203 1.95 1.87 1.78 1.73 1.6% 1.63 1.60 1.58 1.51 1.45
2.32 22 241 1.99 1.92 1.87 1.80 175 1.72 L4 1.56
2.70 2.56 2,42 2.27 247 2.10 2.01 1.95 191 1.80 1.70
367 3.44 320 2.95 2.7% 2.68 2,53 2,44 .38 2.2 2405
171 1.66 1.60 154 1.50 1.4% 144 1.41 140 1.35 1.30
1.99 1.92 1.84 {75 1.69 165 159 1.56 L33 1.47 1.40
27 217 206 194 1.37 1.82 1.74 L7Q 1.67 1.58 1.49
2.63 2.30 235 2.20 240 2,03 1.94 1.88 1.84 1.72 1.62
354 332 308 2.83 2.67 2.55 2.41 232 2.25 2.08 1.92
1.66 1.61 1.56 1.49 1.45 1.42 L33 1.35 1.34 1.23 1.22
183 1.85 177 163 1.62 1.57 152 148 1.45 1.38 1.30
2.8 2.08 1.97 1.85 177 171 1.64 1.59 1.59 146 1.36
2.50 2.37 2.22 2.07 1.97 1.89 1.30 174 1.69 1.57 1.45
.30 3.07 2.84 2.59 243 2.32 2.17 208 2.01 1.83 1.64
1.63 1.58 1.52 1.46 141 1.3% 1.34 1.31 1.28 1.32 116
1.88 1.80 1.72 1.62 1.36 1.52 146 1.41 1.39 1.30 1.21
211 2.0} 1.90 1.78 170 .64 1.56 1.51 1.47 1.37 1.25
2.41 2.27 243 1.97 1.37 1.79 [.69 * 1.63 1.58 145 1.30
3.2 2.90 2.67 2.42 226 215 2.00 1.90 1.83 1.64 1.43
1.6l 1.55 1.49 143 1.38 1.35 1.30 1.27 £35S 118 1.08
1.34 1.76 1.68 158 1.52 1.47 141 1.36 133 1.24 i1t
206 1.96 1.85 1.72 1.64 1.58 1.50 1.45 141 1.29 1.3
234 2.20 206 1.90 1.79 1.72 L&l 154 £.50 1.35 118
299 277 2.54 230 2.14 2.02 1.87 1.77 1.69 1.49 1.22
a



