
, . 

.. 


TITLE OF PAPER 

COURSE CODE 

TIME ALLOWED 

INSTRUCTIONS 

REQIDREMENTS 

UNIVERSITY OF SWAZILAND 


MAIN EXAMINATION PAPER 2014 

QUANTITATIVE METHODS IN DEMOGRAPHY 

DEM206 . 

TWO (2) HOURS 


ANSWER ANY THREE QUESTIONS. 


SCIENTIFIC CALCULATOR AND 

STATISTICAL TABLES • 

Page lof9 

j 



Question 1 

a. Use the table presented below, to solve the probability problems i) to ix). 

Status within 2 years after 
treatment 

Education Convicted Not convicted Total 
10 years or more 0.10 0.30 0.40 
9 years or less 0.27 0.33 0.60 
Total 0.37 0.63 1.00 

A: Offender has 10 or more years of education 
B: Offender is convicted within two years after completion of treatment 

i) P(A) 
ii) P(B) 
iii) P (AnB) 
iv) P(AUB) 
v) p(A) 
vi) P (A U B) 
vii) P(A n B) 
viii) P(AIB) 
ix) P(BIA) 

Question 2 

a. Use the Z-table to answer questions i) to v). 

i) Find the probability of P(-0.9::;;; Z ::;;; 0) 

ii) Find the probability of (P(-0.2 ::;;; Z ::;;; 0.2) 

iii) Find the value of Zo such that P(Z < zo) = 0.8643 

iv) Find the value of Zo such that P(-zo < Z < zo) = 0.9 

v) Find the probability P( Z2 ::;;; 3.8416) 


I mark 
1 mark 
2 marks 

2 marks 

2 marks 

3 marks 

3 marks 

3 marks 

3 marks 


[20 marks] 


2 marks 
2 marks 
2 marks 
2 marks 
2 marks 

b. A community clinic experiences on average three births per normal weekday. 

i) What is the probability of exactly two births on a specific day? 2 marks 
ii) Give the expected value and standard deviation ofY. 2 marks 
iii) What is the probability of more than three births on a specific day? 2 marks 
iv) What is the probability of exactly one birth within a period of three hours? 

2 marks 
v) What is the probability of more than two births within a period of three hours? 

2 marks 
[20 marks] 
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Question 3 

a. 	 An experimenter wants to compare the effectiveness of two methods of training 
employees to perform an assembly operation. The employees are divided into two 
groups of equal size, the first receiving training method 1, and the second receiving 
training method 2. After training, each employee will perform the assembly operation, 
and the length of assembly time will be recorded. The experimenter expects the 
measurements for both groups to have a range of approximately 8 minutes. 

If the estimate of the difference in mean assembly times is to be correct to within 1 
minute with probability 0.95, how many workers must be included in each training 
group? 

10 	marks 

b. 	 A lecturer suspected that certain students benefit more from a revision school than 
other students, for example, students in the score-bracket 80 - 100 might not benefit 
at all. She randomly chose 4 students from each of the following score brackets: 0 
39, 40 - 59, 60 - 79 and 80 - 100 to attend the revision school. She noted, for each ,. 
student, a test score before the revision school and a test score after the revision 
school (paired data) as indicated in the table below. 

I 
I 

I 0-39 40-59 60-79 80-100 
IBefore 35 45 61 85 
IAfter 36 55 70 86 I 

Do the data provide sufficient evidence that the revision school yields a higher 
. average percentage? Test using (l = 0.05 and show the testing procedure. 

10 marks 
[20 marks] 

Question 4 

a. 	 In a television commercial, the manufacturer of contraceptives claims that at least 
four out of five women recommend the new type of contraceptive for women. A 
consumer protection group randomly samples 400 women and asks each one whether 
she would recommend the new contraceptive. The response was 300 "yes"-responses. 
Does the sample provide sufficient evidence to contradict the manufacturer's claim at 
the 10% level of significance. Show all steps. 10 marks 

b. 	 An agriculturalist claims that she has cultivated a new variety of orange that has a 
significantly higher mean content of vitamin C than the variety that is the current top 
seller. For two independent random samples the following results were obtained: 

n s y 
1= New variety 16 2.5389 99.88 
2= Current top seller II 3.0056 96.89 

Let ex = 0.05 and test the assumption required for a two sample t-test, namely, that 
the two population variances are equal. Show all steps. . 10 marks 

[20 marks] 
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Question 5 

a. 	 A researcher wants to determine whether the population density of a certain tribe 
is related to the altitude at which the data are collected. Let the stochastic variable 
Y denote the population density, X denote the altitude and assume that (X,Y) has 
a bivariate normal distribution. A fit of a simple linear regression model using 14 
observations yielded y =21.6 - 7.79x and r2 =0.61. Answer the following 
questions: 

i) 	 Give the value of the correlation coefficient. 2 marks 

ii) What proportion of variation in densities is not explained by the linear model 
using altitude as the independent variable? 3 marks 

iii) Is there sufficient evidence at the 5% level of significance to indicate that 
population densities decrease with an increase in altitude? Motivate dearly. 

5 marks 

b. 	 An article reported for both a sample of right-handed men and a sample of right
handed women the number of individuals whose feet were the same size (L=R), 
had a bigger left than right foot (L>R) (a difference of half a shoe size or more), or 
had a bigger right than left foot (L<R). 

I~::'en 

It must be determined whether the data indicates that gender has a strong effect on the 
development of foot asymmetry. 

(i) 	 State the null hypothesis. 2 marks 

(ii) 	 Calculate the expected number of men with a bigger left than right foot under 
the null hypothesis. 4 marks 

(iii) 	Give an expression for the test statistic (do not calculate) as well as the degrees 
of freedom associated with its distribution. 4 marks 

[20 marks] 
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Table A-2 The cdfoftbe Z Distribution (the ZTable) 

Numbflrkl!.!le 

table~ 

ptz ".z) 

z 0 

:r .. CUlt Ilta 
..u .OOIJ2 ..l11li2 m)1 .0001 .0001 JlOO1 .1ll!l1 .0001 .0001 

-as .1m2 ..l11li2 .1m2 lllO2 .1IlO2 .0lIl2 .1M2 .0002 lllO2 
...u JIm .IlIIII3 .IlIIII3 .IlIIII3 .1m1 .0003 .am .IlIIII3 .tlOO2 

-U.1Jkl5 .llOO5 .1lIWI5 .0lI04 .0004 .0004 .0004 .0004 .ooIXl 
-at.m .0001 •• .0000 .. .QOIIl .m .0005 .ooos 
-a1 ....0 JXI09 .tm9 .0000 .oooe .oooa .0008 .oooa .0007 .IIlO7 

..u .0013 .0013 .!IOt3 .0012 .0012 .0011 .0011 .110:1\ .!X110 .0010 

....z.S Jnl9 .0018 .OOl8 .oon .0016 .00;0 .0015.0015 .0014 .0014 

....z.8.l112ti .0025 _4 .0023 ", .Q023 .IlOZ2 .0021 .002\ ".0020 JXl19 

....z.1.0035 .0(134 .lXS3 .11m .Q031 .003l .0029 JJIl28 .Q021 .0026 

....z.....7 .llO45 .0044 JXl43 "'1 m40 .0039 .0038 .0037 .IXI36 

...zJj .1Xm .0060 .0Il!ilI .0057 .0055 .0054 .0052 .0051 .0049 .IlO48 

-2,4.0082 .ooIlO .0Ilf8 .tI07!i .IIl73 .0071 .0069 .QII88 .at! .0064 

....z.3 .0107 .01114 .0102 .IllI99 JlO96 .0094 .0091 .008!1 .0097 .0084 

4.2 .0139 .0136 .0132 .0129 .0125 .0122 .om .0116 .0113 .0110 

....z.1 .om .0114 .0170 .0166 Jl162 .nUi .DIM .ot5O .01<16 .0143 

...u.1l228 .0222 .0217 .Q212 .mr.n ll2Il2 .0191 .DI92 .01118 .0183 
-1.8 .Q2f!1 .0231 .tI214 .fI2IiB .0262 .1l256 .1l256 .iI24ot .0239 .0233 

,em4 .0367 _,
-1.8.8359 JI3S1 .0344 .0336 .0329 .om JI294 

-1.7.0446 .1M36 .04t1 .0418 .O4(l9 .0401 .m92 .0384 .1Xl75 .11361 

-1.1.M .0537 .OS26 .OSIO .. .D4Ifi .0015 .0415 •• 11455 

-1..5.00II8 Jl655 .0Il43 .0630 .0618 .0000 .1l694 .0!i82 .0511 .0559 
-1.4 .• .Il793 m8 .0164 .0149 .D735 .0721 .0108 .0094 .mal 
-1.) J9i8 .0951 .0934 Jl918 JI901 .083S .1lI69 1)853 .IB3II .0023 

-1.1 .l1Sf .1131 .1ff2 J0&3 .t075 .IOS .1038 .1Ino ,1OIXl .O!lII5 

-1.1 .1357 .1335 .1314 .1292 .t27f .1251 :1230 .1210 .1190 .tl70 
..1.It .15117 .f5112 .1!!39 .1515 .1492 .1469· .1446 :1423 .1481 .1319 

-O.t J841 .1814 .1188 .1762 ,1736 .1711 .11l85, .\6IlO .tm .1611 

-U .2nt .2I'/S) ••1 .2D33 .2005 .1977 .1949 .\922 .18M .1851 

..... 7 .24211 .23811 .2358 .2327 .2296 .2266 .2236 .22ll6 .2177 .2148 

-U .2J43 .l709 .i816 .2643 .21m .2518 .2546 .2514 .2483 .24111 

-0.5.. J050 .301S .2981 .M .2912 .2877 .2843 .2810 .zna 
-U.3441 .3a .3372 .3336 .l.'lOO .32Il4 .3228 .3t92 .31!\6 .3121 

-0.3 .3821 .m3 .3145 .3701 .3$Il9 .3632 .35'94 .3551 .3520 34lI3 
-41.2 .4201 .4168 .4129 .«I!lO ~ .4Ol3 .3914 .3!1311 :J8'.t1 ..3SS9 
.....1 .4r02 .4562 .4522 ,4433 .4443 .4404 .4364 .4325 .4286 .4247 

.....o.sooo .4960 .492ll .48110 .4840 .4801 .47tH .4721 .4881 .4641 
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Table A-2 (cantinuefl) 

Number in the 

table rapl'8S8l'ltS 
P(z .~z:) 

Ui! US 
u .!iO'(W) .!IMO .!i1'I8O ..51211 .5160 .5199 .523.9 .5279 .5319 .5.159 

0.1 .5398 .5438 .5Q8 .5517 .s557 .5596 .5636 .5675 .5114 .575.1 
U .5793 .5832 .5811 .S1l10 .5948 .sm .6826 JlO64 .6103 .6141 
U JU79 .6217 .6255 .6293 .633t .S368 Jl406 .&443 .6480 .6517 
fA .6554 .6591 .6628 .6664 .i7fJ) ,.8136 .6772 .11803 .6844 .6879 

t.5 .69Ui .1950 S9II5 .7019 .1054 .7U88 .712.3 .7157 .71• .7224 
". 

t.& :1'151 .7291 .7324 .7357 :1389 .7422 .7454 .7486 .7517 .754S 
U .758I.l1611 .1642 .7673 .7704 .7734 .7764 .7794 .7823 .1852 

U .788t :nno 1939 .7961 .7985 .81)23 .8051 .8018 .8106 .8J33 

1.1 .8159 .318$ .8212 .t238 .8284 .8139 .B3t5 .8340 .11389 
1.0 .8413 .8438 .8461 .8485 .au .8531 .8554 Jf577 .8599 .8621 

1.1 JI&43 .&5 .8&86 .8708 .8729 .8749 .8770 .8790 ..8810 .8830 

1.2 ..884S •• J888 J907 .8925 .8844 .8962 .8980 .8997 .!IllS 

t.3 .!Il32 .1J49 .i066 JlJ82 .9099 .9115 .9131 .9147 .9162 sm 
1A .9'1!J2 .92D7 .9222 .9236 .9251 .9265 .9279 .9292 .9306 .8m 
1.5 .9332 .9345 .9357 .9370 .9382 .!m4 .9406 .9418 .9429 .9441 

1.1 ,9452 .9463 .9474 .9484 .9495 .95Q5 .9515 ,9525 .9535 .9545 

U .8554 .9564 .9573 .82 .95i1 .S599 .9608 .9616 .9625 .9633 

1.1 .9641 .9649 .9656 .9664 .9fm .9678 .968S .9693 .9699 .9106 

1.9 .9713 .9719 .9728 .9732 .9738 .9744 .9150 .9756 .9761 .m1 
2.0 .1112 .9771 .9783 i.9188 .9793 .9798 .9803 .9808 .0012 .!lIm 
2.1 .9821 .1IJ2:8 .983D .9834 J83Il .9842 .984& JI850 .9854 .9851 
U .B86l JI!64 .9168 .11.171 .9875 .1I87i .•1 .9884 .9881 .iUJ 

2.3 .9893 .9896 .91188 .9901 .9904 .9900 .9909 .9911 .9913 .9916 

2A .9918 .9920 .9&22 .9925 .9927 .8929 .99l1 .9932 .9934 .9935 

15 .91138 .9!.MO .9941 Jl943 .9945 .9948 .9948 .9949 .9951 .9952 
.11& 	 .9!J5(! .S!l57 .9959 .9960 .9961 .9962 .9963 

.9967 ._
..9lI6tl .9969 .9970 .9971 .mm .9973 .9974 

.9975 .9916 JIIl1 .9911 ..mI .9979 ';9979 . .9geD ,9981 

.t1182 .9982 .9983 .99M .91184 JJ985 .9985 .99116 .9986 

.91181 Jm .998S .99811 .9StI9 .9989 .9989 .99!lO .moo 
3.1 ..., .9991 .9991 .9991 .9992 .99!J2 .9992 .9992 .99ID .9993 

U .9993 JI993 .9994 .9994 .9994 .9994 .9994 .9995 .9995 .9995 

U .9895 JI!1S5 .9995 .S!I96 .9996 .9996 .999& .9996 .9996 .9997 

3A .99S7 .9897 .9991 .9997 .S997 .9997 .9991 .9991 .9997 ..99911 
JJ99B ._3.5 .S998 .9998 .9998 .9998 .1I99It .9998 .9898 .9998 

U .9998 .9998 .9999 JI999 .9999 .9999 .9999 .9999 JJ999 .9999 
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t Distribution: Criticel Values of t 

Significance iel'ei 

DsgrtJeS of Two-UJiI«i rest: lO"lq 5% 2l!'~ p}'O 0.2% 0.1% 
freedom One-railed test: 5% 2~S~..~ 1% O.~% 0.1% 0.05% 

1 6314 12.706 31.821 6.1.657 318.309 636.619 
:1 2.920 4.303 6.%5 9.925 22.327 31.599 
3 2.353 3.182 4.541 5.841 10.215 12.924 
4 2.132 2.776 3.747 4.604 7.173 8.610 
5 2.015 2.571 3.365 4.032 5.893 6.M9 

4 1.943 2.441 3.143 3.707 5.208 5.959 
7 1.894 1.365 2.998 3.499 4.785 5.408 
8 1.860 2.306 2.896 3.355 4.501 5.041 
9 I.S33 2.262 2.821 3.250 4.297 4.781 

16 1,812 2.128 2.764 3.169 4.144 4.587 

11 1.196 2.201 2.718 3.106 4.025 4.437 
12 1.782 2.179 2.681 3.055 3.930 4.318 
13 1.171 2.160 2.650 3.012 3.852 4.221 
14 1.761 2.145 2.624 2.971 3.787 4.140 
15 1.753 2.131 2.602 2.947 3.733 4.073 

If' 

16 1.746 2.120 2.583 2921 3.686 4.015 
17 1.740 2.110 2.567 2.898 3.646 3.965 
18 1.734 2.101 2.552 2.878 3.610 3.922 
19 1.729 1.093 2.539 2.861 3.579 3.883 
10 1.725 2.086 2.528 2.845 3.552 J.S~O 

21 1.721 2.080 2518 2.831 3.527 3.819 
22 1.717 2.074 2.508 2.819 3.505 .3.792 
13 1.114 2.069 2.500 2.8Q7 3.485 3.768 
24 1.711 2.064 2.492 2.797 3.467 3.745 
15 1.708 2.060 2.485 2.787 3.450 3.725 

26 1.706 2.056 2.479 1..779 .'.435 ..~,j07 
27 1.703 2.052 ~A,73 2.771 3.421 3.690 
28 1.701 2.048 2.467 2.163 3.408 3.674 
29 1.699 2.045 2.462 2.756 3.396 3.659 
30 1.697 2.042 2.457 2.750 3.385 3.646 

32 1.694 1.037 1.449 2.738 3.365 3.622 
34 1.691 2.032 2.441 2.728 3.348 3.601 
36 1.688 2.028 2.434 2.119 :3.333 3.582 
38 1.686 2.024 2.429 2.712 3.319 3.566 
46 1.6&4 2.021 2.423 2.704 3.307 3.551 

42 1.682 2.018 2.418 2.698 3.296 3538 
44 L680 2.015 2.414 2.692 3.286 3526 
46 1.679 2.013 2.41.0 2,687 3.277 3.515 
48 1.677 2.011 2.407 2.682 3.269 3.505 
50 1.676 2.009 2.403 2.678 3.261 3.496 

60 1.671 2.000 2.390 2.6(50 3.232 3.460 
70 1,667 1.994 2.381 2.648 .Ull 3.435 
80 1.664 1.990 2.314 2,639 3.195 3.416 
90 1,662 1.987 2368 2.632 3.183 3.402 

100 1.660 1.984 2.364 2,626 3.174 3.390 

126 l.658 1.980 1.358 2.617 3,160 3.373 
150 1.655 1.976 2.351 2.609 3.145 3.351 
200 1.653 1.972 2.345 2.601 3.131 3.340 
300 l.6SO 1.%8 2.339 1.591 3.118 .U23 
400 1.649 1.966 2.336 2.588 3.111 3.315 

500 1.648 1.965 2.334 2.586 3 . .107 .UI0 
600 1.647 1.964 2.333 2.584 3.104 3.307 

aO 1.645 1.960 2.326 2.576 3.090 3.291 
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F Distribution F .95 (alpha =0.05) 

alph= 
df 

9 
10 
11 
12 
13 
14 

21 

25 
26 
27 
28 
29 
30 
35 
40 

5.12 
4.96 
4.84 
4.75 
4.67 

.. 

4.35 
4.07 
3.86 
3.71 

4 5 6 7 8 9 10 13 14 15 19 20 21 
230.21 234.0 I 236.81 238.91 240.51 241.91 243.0 I 243.91 244.71 245.4 247.7 248.0 248,3 
19,301 19.3~1 19.351 19,371 19,381 19.401 19.401 19.411 19.421 19.42 19.44 19.45 19.45 
9,01 8,94 8,89 8,85 8,81 8.79 8.76 8.74 8.73 8,71 8.67 8.66 8,65 

_,__ 6,26 6.16 6.09 6.04 6,00 5.96 5.94 5.91 5.89 5,87 
5.05 4,95 4.88 4,82 4,77 4,74 4.70 4.68 4.66 4.64 
4.39 4.28 4.21 4,15 4,10 4,06 4,03 4.00 3.98 3,96 

4,12 aw a. 
3,84 3,69 3,19 

3.48 2.97 _,n I _.n I -,- 'I _,n I 
3,33 2.81 . .. .. . . 

3.36 3.201 3.091 3.011 2,951 2,901 2,851 2,821 2,791 2,761 2,741 2,721 2.701 2.69 

3,11 2.691 2,661 2,64 1 2,621 2,60 1 2,58 
3,03 is() 2.58 2.55 2.53 2,51 2,50 
2,9612,8512,7612,1012.6512,6012,5712.5312.5112.481 2.4612.4412.43 2.41 
2.901 2,79 2,71 2,64 2,59 2,54 2.51 2.48 2.45 2.42 2.40 2.38 2.37 2,35 
2,85 2.74 2.66 2.59 2,54 2.49 2.46 2,42 2.40 2.37 2,35 2,33 2.32 

2.70 2,61 2,55 2.49 2.45 2.41 2,38 2,35 2.33 2.31 2,29 2.27 2,26 
2,66 2,58 2,51 2.46 2.41 2.37 2.34 2.31 2.29 2,27 2,25 2.23 2,22 

2.34 

2.24 
2.20 

2,39 
2,33 

28 
2.23 

2.38 
2.32 
2.26 
2.22 

2.63 2.54 2.48 2.42 2,38 2,34 2,31 2.28 2,26 2,23 2,21 2.201 :t., 11:1 1 :t.,1/1 :t., 

2,60 2.51 2.45 2,39 2,35 2.31 2.28 2.25 2,22 2.20 2,18 - , - , - .. -
2,84 2.68 2.57 2.49 2.42 2.37 2.32 2.28 2.25 2.22 2,20 2.18 2.16 
2,82 2.66 2,55 2,46 2.40 2.34 2,30 2.26 2,23 2.20 2.17 2.15 2.13 
2,80 2,84 2.53 2,44 2.37 2.32 2.27 2.24 2.20 2.18 2.15 2.13 2.11 
2.78 2.62 2.51 2.42 2.36 2.30 2.25 2.22 2.18 2,15 2,13 2,11 2,09 
2,76 2.60 2.49 2.40 2.34 2.28 2.24 2.20 2.16 2,14 2,11 2,09 2.07 
2.741 2,591 2.471 2.391 2.32 2,121 2.09! 2,071 2.05 
2.731 2,571 2.461 2.371 2.31 
2.7112.5612.4512,3612,29 

2. 10 1 2.08 1 2.06 1 ::':':~~+--:::-3-':::':'-:+---:':":-::+--
2,121 2,09 2.06 2.04 

2.701 2,551 2.431 2.351 2,28 
2.691 2.531 2,421 2.331 2.27 

2.491 2.371 2.291 2.22 
2.341 2,251 2,1 

2,101 2,081 2,051 2,031 2.01 
2,091 2,061 2.041 2.01 

2,041 2.01.1 1.991 1.96 
2.00 1.97 1.95 1,92 
1.951 1.921 1.891 1.87 

wi "w, I ::',::1 ::'::1 ::'~::I ~:~I ~::~I~:::I ~::~I ~::~I ~:~I ~:~;I ~:~~ 

1,93 1.92 
1,88 1.87 
1,84 1.83 
1.78 1.77 
1.75 1.73 
1.68 1.66 

" 




F Distribution F.975 (alpha =0.025) 

IX 


alph = I 0.025 
dfl V1= 

V2=1 
2 
3 
4 
6 

6 

6 6 7 8 13 14 1 16 
921.81 937.11 948.2 982.51 984.9 
39.301 39.331"' 39.36 39.431 39.43 
14.881 14.731 14.62 14.301 14.281 14.25 
9.361 9.201 9.07 8.721 8.681 8.66 

7.15 6.43 v.~v_ ------,,:-"-"-1 ""':'VI ""~I .......... 1 v·... ·1 
5.99 5.27 5.15 
5.291 5.121 4.991 4.90 
4.821 4.651 4.531 4.43 
4.48/ 4.32/ 4.20/ 4.10 
4.24/ 4.071 3.95/ 3.85 
4.041 3.881 3.761 3.66 
3.891 3.731 3.61 
3.771 3.60 
3.661 3.50 
3.581 3.41 
3.501 3.34 
3.441 3.28 
3.381 3.22 
3.331 3.17 
3.291 3.13 

3.48/ 3.25/ 3.09 
3.44/ 3.22/ 3.05 
3.411 3.18/ 3.02 

4.711 4.671 4.631 4.601 4.571 4.541 4.521 4.501 4.481 4.471 4.45 
4.24 4.20 4.16 4.13 4.10 4.08 4.05 4.03 4.02 4.00 3.98 
3.91 3.87 3.83 3.80 3.77 3.74 3.72 3.70 3.68 3.67 3.65 
3.66 3.62 3.58 3.55 3.52 3.50 3.47 3.45 3.44 3.42 3.40 
3.47 3.43 3.39 3.36 3.33 3.30 3.28 3.26 3.24 3.23 3.21 

- -- 3.12 3.08 
3.01 2.98 

2.85 2.82 
2.821 2.791 2.75 
2.771 2.731 2.70 
2.721 2.681 2.65 

2.58 2.56 2.54 
2.53 2.51 2.49 
2.48 2. 2.45 

3.28 . 3:24 3.21 3.18 3.15 3.13 3.11 3.09 3.07 3.06 
3.05 3.<i3' 3.00 2.98 2.96 2.95 2.93 
2.95 2.92 2.90 2.88 2.86 2.84 2.83 

2.92 2.89 

2.681 2.641 2.60 
2.64 2.60 
2.60/ 2.56 

2.621 2.57/ 2.53 

2.77 2.76 2.74 
2.70 2.68 2.67 
2.63 2.62 2.60 

2.37 

2.44 2. 
2.41 2. 

2.41 
2.37 

3.381 3.151 2.991 2.871 2.781 2.701 2.641 2.591 2.541 2.501 2.471 2.441 2.411 2.391 2.361 2.35 
3.35 3.13 2.97 2.85 2.75 2.68 2.61 2.56 2.51 2.48 2.44 2.41 2.38 2.36 2.34 2.32 
3.33 3.10 2.94 2.82 2.73 2.65 2.59 2.54 2.49 2.45 2.42 2.39 2.36 2.34 2.31 2.29 2 

.__ 3.31 3.08 2.92 2.80 2.71 2.63 2.57 2.51 2.47 2.43 2.39 2.36 2.34 2.31 2.29 2.27 2 
3.29 3.06 2.90 2.78 2.69 2.61 2.55 2.49 2.45 2.41 2.37 2.34 2.32 2.29 2.27 2.25 
3.27 3.04 2.88 2.76 2.67 2.59 2.53 2,48 2.43 2.39 2.36 2.32 2.30 2.27 2.25 2.23 
3.25 3.03 2.87 2.75 2.65 2.57 2.51 2,46 2.41 2.37 2.34 2.31 2.28 2.26 2.23 2.21 

3.52 3.18 2.96 2.80 2.68 2.58 2.50 2.44 2.39 2.34 2.30 2.27 2.23 2.21 2.18 2.16 2.14 2.12 2.10 
3.46 3.13 2.90 2.74 2.62 2.53 2.45 2.39 2.33 2.29 2.25 2.21 2.18 2.15 2.13 2.11 2.09 2.07 2.05 
3.39 3.05 2.83 2.67 2.55 2.46 2.38 2.32 2.26 2.22 2.18 2.14 2.11 2.08 2.06 2.03 2.01 1.99 1.98 
3.34 3.01 2.79 2.63 2.51 2.41 2.33 2.27 2.22 2.17 2.13 2.09 2.06 2.03 2.01 1.98 1.96 1.94 1.93 
3.25 2.922.70 

" 

2.54 2.42 2.32 2.24 2.18 2.12 2.08 2.04 2.00 1.97 1.94 1.91 1.89 1.87 1.85 1.83 



5 

10 

15 

20 

25 

30 

TableA-3 The Chi-Square Table 


'% 

1 

2 

3 

4 

6 

7 

8 

9 

11 

12 

13 

14 

1& 

11 

18 

19 

Z1 

22 

23 

24 

26 

27 

28 

29 

48 

50 , 

0.10 (lOS (l025 0.01 0.005 

2.71 3.84 5,02 6,64 7.88 

4.61 5.99 7.38 9.21 10.60 

6.25 7.82 9.35 11.35 12.84 

7.78 9.49 11.i4 13.28 14.86 

9.24 11.07 12.83 15,09 16.15 

10.65 12.59 14.45 16.81 18.55 

12.02 14.07 16.01 18.48 20.28 

13.36 15.51 17.54 20.09 21..96 

14.68 16.92 19.02 21.61 23.59 

15.99 18.31 20.48 23.21 25.19 

11.28 19.68 21.92 24.13 26.16 

18.55 21.03 23.34 26.22 28.30 

19.81 22.36 24.74 27.69 29.819 

21.06 23.69 26.12 29.14 31.32 

22.31 25.00 27.49 30.58 32.80 

23.54 26.30 28.85 32.00 34.27 

24.17 27.59 30.19 33.41 35.12 

25.99 28.87 31.53 34.81 31.16 

27.ZO 30.14 32.85 36.19 38.58 

28.41 31.41 34.11 37.57 40.00 

29.62 32.67 35.48 38.93 41.40 

30.81 33.92 36.78 40.29 42.80 

32.01 35.17 38.08 41.&4 44.18 

33.20 36.42 39.36 42.98 45.56 

34.38 37.65 40.65 44.31 46.93 

35.56 38.89 41.92 45.64 48.29 

36.74 40.11 43.20 46.96 49.65 

37.92 41.34 44.46 48.28 50.99 

39.09 42.56 45.72 49.59 52.34 

40.26 43.77 46.98 50.89 53.67 

51.81 55.76 .59.34 63.69 66.17 

63.17 67.51 71.42 76.15 79.49 
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