
'. 

UNIVERSITY OF SWAZILAND 


RE-SIT EXAMINATION PAPER 2018 


TITLE OF PAPER QUANTITATIVE METHODS IN DEMOGRAPHY 

COURSE CODE OEM 214 

TIME ALLOWED TWO (2) HOURS 

INSTRUCTIONS ANSWER ANY THREE QUESTIONS. 

MARKS ALLOCATION: ALL QUESTIONS CARRY 20 MARKS 

REQUIREMENTS SCIENTIFIC CALCULATOR AND 

STATISTICAL TABLES. 

Page lof4 
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Question I 

a. 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 0.0 I, is there enough evidence to support the doctor's claim? 

[5 marks] 

I 	 , I 
iDay ISunday I Monday i Tuesday , Wednesday Thursday Friday Saturday 

I 

75I Frequency .65 103 i 114 1116 1115 I 112 
I 

c. 	 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. [2 marks] 

ii. 	 Six or more girls will be pregnant before her 18th birthday. [5 marks] 

iii. 	 More than two but less than four girls will be pregnant [3 marks] 

before her 18th birthday. 

[20 marks] 

Question 2 

a. 	 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 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. 

I 

I 

I 

Examination marks 

Group A 12 
i 

1 

31 34 
1 

35 55 57 61 i 

i 
Group B 

1 

36 
1 

39 46 148 
i 

58 66 69 70 i 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. 

[5 marks] 
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b. 	 With over 50% of adults spending more than an hour a day on the internet, the number 

experiencing computer-or internet- based crime continues to rise. A survey in 20 I 0 of a random 

sample of 1025 adults, aged 18 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 p of all households that have experienced cdmputer or internet crime during the year 

before the survey was conducted. [5 marks] 

c. 	 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-( I 0,0.7) gave the probabilities given in the table below: 

I~ 	
P (y) F (y) 

0.00001 	 0.00001 

0.00014 	 0.00014/1 

2 i 0.00145 0.00159 

I 


3 I 0.00900 ! 0.01059 

I 


4 	 0.03676 0.04735I 	
! ~ 

0.150275 	 ~ 0.10292 
I 

0.35039 !6 	 i 0.20012 
I 

Ii 0.617227 	 0.26683 
i 

0.85069 I0.233478 

0.12106 	 0.971759 I 

1.000000.0282510 I
1-_ .. 

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

i. P(Y < 6) [2 marks] 

ii. P(3 < Y < 7) [2 marks] 

iii. P(5 < Y ~ 8) [2 marks] 

iv. P(Y;;::: 4) [2 marks] 

v. P (7) [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] 

ii. More than 2 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 I 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 I error [2 marks] 

d. 	 Outline 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 0.0 I O. 

After 2 

! 2 

i 3 

[5 marks] 

[20 marks] 

Page 4 of4 



.09 

Standard Normal Probabilities 

z .00 .01 .02 

Table entry for z is the area under the standard normal curve 

to the left of z. 

.03 .04 .05 .06 .07 .08 

-1.2 .1151 .1131 .1112 .1093 .1075 .1056 .1038 .1020 .1003 .0985 


-1.0 .1587 .1562 .1539 .1515 .1492 .1469 .1446 .1423 .1401 .1379 


-0.0 .5000 .4960 .4920 
 .4880 ,4840 ,4801 .4761 .4721 .4681 .4641 




Standard Normal Probabilities 

Table entry for Z is the area under the standard normal curve 

to the left of Z. 

z .00 .01 .02 .03 .04 .05 .06 .07 .08 .09 

0.0 .5000 .5040 .5080 .5120 .5160 .5199 .5239 .5279 .5319 .5359 


0.6 .7257 .7291 .7324 .7357 .7389 .7422 .7454 .7486 .7517 .7549 


2.4 .9918 .9920 .9922 .9925 .9927 .9929 .9931 .9932 .9934 .9936 


2.6 .9953 .9955 .9956 .9957 .9959 .9960 .9961 .9962 .9963 .9964 


3.4 .9997 .9997 .9997 .9997 .9997 .9997 .9997 .9997 .9997 .9998 




T-12 Tables 	 Tables T-13 

Table entry for p is the 
critical value F" with 
Table erltry for p is the 

critical value F" with 
probability p lying to probability p lying to 
its right. p its right. 

.; 

p 

~ 
F critical values 

Degr.....c~ of fr~ed.f)m in the nurne.ralor 

6p 

3986 49.50 53.59 55,83 57,24 58.20 58,9J 59.44 59.S6 
.050 J61.45 199.50 215,7l 224.58 230,16 233.99 236.77 238.88 240.54 
.075 

,JOO 

647.79 799.50 864.16 899,58 921.85 937,11 943.12 956.66 963.28 
.010 4051.2 4999,5 5403.4 5624,6 576H 5859,0 5921l,4 59B\'! 6022.5 
.001 405784 	 500000 540379 562500 576405 5S5937 592873 59B14-1 602284 

,]00 8,53 9,00 9.16 9,24 9,29 9.33 9"l5 9,,\1 9,33 
,050 18.51 19,00 19.16 19,25 19.30 19,33 19,35 19,37 19,38 
.025 3~.51 39.17 39.25 39.30 39"l3 39.36 39,37 39,39 
,010 98.50 99,17 99.25 99.30 99.36 99,37 99,39 
,001 998.50 999.17 999.25 999,30 999.36 999.37 999.39 

5,54 5.46 5,39 5,34 5.31 5,28 5.27 5,25 5.24 

~ ,050 
,100 

JOl3 95,5 9,28 9.12 9.01 8,94 3.89 8.85 3.81 
.025 17.44 16.Q4 15.44 15.10 14.88 14,73 14.54 14.47c 
,010 3-l.12 30,32 29.46 lB.71 2824 27.91 27.49 27.356 

167.03 	 J48.50 141.11 137,10 13-1.58 132.85 131.53 130.61 129.860 	 .oor
5 
." 

0 100 -1,54 4,32 4,19 4,1l 4.05 4,01 3.98 3.95 3,94 

-= .050 7,71 6,94 6.59 6,39 6,26 6.16 6.09 6,04 6,00 
.5 4 025 11.22 9.98 9.60 9.36 9,20 9,07 8.98 8,90 
g 	 .OlO 2l.l0 16.69 J5,98 !5.52 15.21 14,93 14,80 14,66 

.001 74.14 	 61.25 56.18 53.44 5U1 50.53 49,66 49,00 48.4113 
~ 

4.06 	 3,73 3.62 3.52 3.43 3.40 3.37 3.34 3.32,1000' 
.050 	 6.61 5,79 5.41 5.19 5,05 4.95 4.88 4,82 4.77n 

10,01 8.43 7.76 7.39 7 15 6,98 6.85 6,76 6.68.025~ 
,010 	 16,26 13,27 12.06 11.39 10.67 10.46 10,29 10,16 

c ~ '" 47.18 	 37,12 33,20 31.09 28.83 28.16 27.65 17.24001 

,tOO 3,78 3.46 3.29 3,18 3.11 3,05 3.01 2.98 2.96 
050 5.99 5.14 4.76 4,53 4.39 4.28 4.21 4,15 4,10 

.025 8,81 7,16 6,60 6.13 5,99 5.82 5.70 5,60 5.52 
,010 13,75 10,92 9,78 9.15 8,75 8.47 8,26 8,10 7,98 
001 35,51 	 27,00 23.70 21.92 20,80 20.03 19.46 19.03 1M9 

,100 3,59 3,26 3.07 2,96 2.88 2.83 2.78 2,75 2.72 
.050 5.59 4.74 4.35 4.12 3.97 3,87 3.7)1 3.73 3,68 
.025 8.07 	 6.54 5.89 5.52 5,29 S.t::! 4.99 4.90 4,S2 
010 12.25 955 SAS 7,85 7A6 7,19 6.99 6,84 6.72 

,001 29.25 	 21.69 18,77 17,20 16,21 15,52 15,01 14,63 1-t33 

F critical values (continued) 

10 12 15 20 

Degrees of freedom in the numerator 

25 30 40 50 60 120 1000 

60.19 60.71 61.22 
241.88 243,91 245.93 
968.63 976,71 984.87 

6055,8 6106,3 6157,3 
60562 I 610668 615764 

9.39 9.41 9.42 
19.40 19.41 19.43 
39.40 39.41 39.43 
99.40 99.42 99.43 

999.40 999.42 999.43 

5.23 5.22 5.20 
8.79 8.74 8,70 

14.42 14"l4 14.25 
2i.Ll 27.05 26.87 

129.25 128,32 127,37 

.1.92 3.90 3.87 
5.96 5,91 5.86 
8.8-1 8.75 8.66 

14.55 14.37 14,20 
48.05 47.41 46.76 

3.30 3.27 3.24 
4.74 4.68 
6.62 6.52 

10,05 9,89 9,72 
26,92 26.42 25.91 

2,94 2,90 2.~7 
4,06 4,00 3.Y4 
5,46 5.37 5.27 
7.87 7.71 756 

18.41 17.99 17,56 

2.70 1.67 2.63 
3.64 3.57 3,51 
4.16 4,67 -1.57 
6.62 6.47 6.31 

14.08 13,71 Ll.l2 

61,74 
2-18,01 
99.3.10 

6208.7 
620908 

9.44 
19.45 
39,45 
99.45 

999.4'; 

5,18 
8,66 

14,17 
26.69 

126.-12 

3.84 
5.80 
8.56 

14,02 
46.10 

3,21 
4.56 
6.33 
9,55 

25,39 

2.84 
3,87 
5,17 
7.40 

17.12 

2.59 
3.44 
4.47 
6.16 

12.9.1 

62,()5 62.26 62.53 
249.26 250.10 251.14 
998,OS 1001.4 1005.6 

6239.8 6260.6 6286.8 
624017 62609Y 628712 

9A5 9,46 9.-17 
19.46 19.46 19,47 
39.46 .19.46 39.-17 
99.46 99.47 99.47 

999.46 999.47 999.47 

5.17 5.17 5.16 
8,63 8.62 8.59 

14.12 14.08 14,04 
26.58 26,50 26,41 

125.84 125.45 124,96 

3.83 3.82 3,80 
5,77 5.75 5.72 
8.50 8.46 gAl 

13,91 13,84 13,75 
45.70 45.4.~ 45.09 

3.19 3.17 3,16 
4.52 4.50 4A6 
6.27 6.23 6,18 
9.45 9,38 9,29 

25,08 24,87 24,60 

1.S1 2,80 2.78 
3,8.1 3.81 3.77 
5.1 I 5.07 5.01 
7.30 7,23 7.L4 

16,85 16.67 16.44 

2.57 2.56 254 
3.40 .1.38 3.34 
4.40 4.36 4..11 
6,06 5.99 5,91 

11.69 12.53 12,33 

62,69 
251.77 

1008.1 
6302.5 
630185 

9,47 
19.48 
39.48 
99.48 

999.48 

5.15 
8.58 

14,01 
26.35 

124,66 

3.80 
5,70 
S.38 

13.69 
44,88 

3,15 
4.44 
6.14 
9,24 

2-1.44 

2,77 
3.75 
OS 
709 

16,31 

2.52 
3.32 
4.28 
5.86 

12.20 

62.79 
252,20 

1009,8 
6313,0 
631337 

9,47 
19,48 
39A8 
99.48 

999.48 

5.15 
8.57 

1.l.99 
26,32 

124.-17 

3,79 
5,69 
8.36 

13,65 
44,75 

3,14 
4.43 
6,12 
9.10 

24.33 

2.76 
3,74 
4,96 
7.06 

16.21 

2.51 
3,30 
4.25 
5.82 

12,12 

63.06 
253.25 

1014.0 
6339.4 
<>33972 

9.48 
19,49 
39.49 
99.49 

999.49 

5.14 
8.55 

13,95 
16.22 

123,97 

3.78 
5.66 
g,31 

n56 
44.40 

3,12 
4.40 
6.07 
9,11 

24,06 

2.74 
3,70 
4,90 
6.97 

15.98 

2,49 
3.17 
4,~O 
5:'14 

11.91 

63,30 
254.19 

1017,7 
6361.7 
636301 

9,49 
19.49 
39.50 
99,50 

999,50 

5,13 
8.53 

13,91 
26,14 

123.53 

3.76 
5.63 
8,26 

13.47 
44,09 

3.11 
4,37 
6.02 
9.03 

23,g2 

2.72 
3,67 
4,86 
6,89 

15,77 

1A7 
3.23 
-t.15 
5,66 

11.72 

'~ (CoJttil1w!d) 



T-14 Tables Tables J T-15 

'4': .,:. 

F critical values (continued) F critical values (wntinuedj 

Degrees or fl-eedom in the nume.ratOl" Degrees (If freedom in the num,erator 

p 6 10 12 15 20 25 30 40 50 60 120 1000 

3.46 3,11 2,92 2.81 2.73 2.67 2,62 2.59 2,56 2.54 2.50 2,46 2.42 2.40 2.38 2.36 2,35 1.34 2.30 

.025 

.0lQ 

5.32 
7.57 

11.26 

4.46 
6.06 
8,65 

4.07 
5.42 
7.59 

3,84 
5,05 

3.69 
4,32 

3.58 
4.65 
6.37 

3.50 
4.53 
6.18 

3.44 
4.43 
6.03 

3,39 
4,36 
5,91 

3.35 
4.30 
5.S1 

3.28 
4.20 
5,67 

3.22 
4.10 
5.52 

3.15 
4.00 

3.11 
3.94 
5.26 

3,08 
3.89 
5,20 

3.04 
3.84 
5,12 

3.02 
3.8l 
5.07 

3.01 
3.78 
5,03 

3.73 
4.95 

2.93 
3.68 
4.87 

.001 25.41 18.49 15,83 12.86 12.40 12.05 1.77 11.54 11.19 10.84 10.26 10.1 9.92 9.g0 9.73 9.53 9.36 

,100 3,36 3.01 2.31 2.69 2.61 2.55 2.31 2.47 2.44 2.42 2.38 2.34 2.30 227 2.25 2.23 2.22 2,21 2.18 2.16 

.050 5.12 4.26 3.86 3.63 3,48 3.37 3,29 3.23 3.18 .1.14 3.07 3,01 2.94 289 2.86 2,83 2,80 2.79 2,75 2.71 

.Q25 7,21 5,71 5.0$ 4,72 4.48 4.32 4.20 4.10 4,03 3.96 3.87 .1.77 3.67 3.60 3.56 3.51 3.47 3AS 3,39 3.34 
,010 10.56 g.02 6.99 6.42 5.80 5.61 5,47 5.35 5.26 5.11 4.96 .:l.St 4,71 4,65 4,57 4.02 4.43 4.40 4.32 
,00] 22,86 16.39 13.90 12.56 11.13 10.70 10.37 10.11 9.89 9.57 9.24 8.90 8.69 8.55 3.37 8.26 8.19 8.00 7.84 

.)00 3.29 2.92 2.73 2.61 2.52 2.46 2.41 2.38 2.35 2.32 2.28 2.24 2.20 2.17 2,16 2.U 2.12 2,11 2.08 1.06 

10 
.050 
.025 
,010 

4,96 
6.94 

10.04 

4.10 
5.46 
7.56 

3.71 
4.83 
6.55 

3.48 
4.47 
5.99 

3.33 
4.24 
5.64 

3.22 
4.07 
5.39 

3.14 
3.95 
5.20 

3.07 
3.85 

3,02 
3,78 
4.94 

2.98 
.1.72 
4.85 

2.91 
3,62 
4.71 

2.85 
3.52 
4.56 

2,77 
-'.42 
4.41 

2.73 
3.35 
4.31 

2.70 
.1.31 
4.25 

2.66 
3.26 
4.17 

2.64 
3.22 
4.12 

2.62 
3,20 
4.03 

2.58 
3.14 
4.00 

2.54 
3.09 
3.92 

,001 21.04 14.91 12.55 11.28 10,48 9.93 9.52 $,96 8,75 8.45 8.13 7.80 7.60 7,41 7..10 7.19 7.12 6.94 6.78 

.)00 3.23 2.86 2.66 2.54 2AS 2.39 2.34 2..10 2.27 2.25 2.21 2.17 2.12 2.10 2.08 2.05 2.04 2.03 2.00 1.98 

. 
; 
= 

II 
.050 
,025 
.010 
.001 

4,$4 
6,72 
9.65 

19.69 
7.21 

13.81 

3.59 

ll.:i6 

3.36 
4.28 
5.67 

10.35 

3.10 
4.04 
5,32 
9.58 

3.09 
3,88 
;.07 
9.05 

3,01 

8.66 

2.90 
3.66 
4,74 
3.35 

2.90 
3,59 
4.63 
3.12 

4.54 
7,92 

2.79 
3.43 
4.40 
7.63 

2.72 
3.33 
4.25 
7.32 

2.65 

7,01 

2.60 
3.16 
4.01 
6.81 

2.57 
3.12 
3,94 
6.68 

2.53 

6.52 

2,51 
3.03 
3.81 
6.42 

2.49 
3.00 
3.78 
6,35 

2.4, 
2.94 
3.69 
6.18 

2,41 
2.89 
3.61 
6.02 

'I 
"0 

" -5 
.:! 

12 

.100 

.050 

.015 
,010 
.001 

3.18 

9.33 
18.64 

2.S1 
3.89 
5.1O 
6.93 

12,97 

2.61 
3,49 
4.47 
5.95 

10.80 

2.48 
3,26 
4.12 
5.41 
9,63 

2.39 
3.11 

8.09 

2.33 
3,00 
3.73 
4.82 
8.38 

US 
231 
3.61 
4~ 
~O 

2.24 
2.85 
3.51 
4,50 
7.71 

2.21 
2.80 
3.44 
4.39 
7.4" 

2,19 
2.75 
3.37 
4,30 
7,29 

2.15 
2.69 
3.28 
4.16 
7.00 

2,10 
2,62 
3.18 
4.01 
6,71 

2.06 
2.54 
3.07 
3,86 
6.40 

2.03 
1.50 
3.01 
3.76 
6.22 

2.01 
2,47 
2.96 
3.70 
6.09 

1.99 
2.43 
2.91 
3.62 
5.93 

1.97 
2.40 
2,87 
3.57 
5.8.; 

1.96 
2.38 
2.85 
3.54 
5.76 

1.93 
2.34 
1.79 
3AS 
5.59 

1.91 
2.30 
1.73 
3,37 
5.44 

s 
]
J: 
'0 

~ 

13 

.)00 
,050 
.025 
.010 
.001 

3,14 
4.67 

17.82 

2.76 
3,81 
4.97 
6.70 

12.31 

256 
3.41 
4.35 
5.74 

10,21 

2.43 
],18 
4,00 
521 
9.07 

3.77 
4.86 
8.35 

2.28 
2.92 
3.60 
4.62 
7.86 

2.23 
2E 
3,48 
4~ 

7.~ 

2.20 
2.77 
3.39 
4.30 
7,21 

2.16 
2,71 
3.31 
4.19 
6.98 

2.14 
2.67 
3.25 
4.10 
6.80 

2.10 
2.60 
3.15 
3,96 
6,52 

2.05 
2.03 
3.05 
3.82 
6.23 

2.01 
2.46 
2.95 

1.98 
2.41 
2.8S 
3.57 
5.75 

1.96 
2.38 
2.84 
.1.51 
5.63 

1.93 

3.43 
5.47 

1.92 
2,31 
2.74 
3.38 
5.37 

1.90 
2.30 
1.72 
3.34 
5.30 

1.88 
2,25 
2.66 
3.2~ 
5. i4 

1.85 
1.11 
2.60 
3.18 
4.99 

Sl 
;!i 

14 

,100 
,050 

.001 

3.10 
4,60 
6.30 
8.86 

17.14 

2,73 
3.74 
4.86 
6.51 

I US 

2.52 
3.34 
4,24 
5.56 
9.73 

2.39 
3.11 
3,S9 
5,04 
$,62 

2.31 
2.96 
3.66 
4_69 
7.92 

2,24 
2.85 
3.50 
4.46 
7.44 

2.19 
2.76 
3.38 
4.28 
7.03 

2.15 
2.70 
3.29 
4,14 
6.80 

2X! 
1.65 
3,21 
4.03 
6.58 

2.10 
2,60 
3,15 
3.94 
6.40 

2.05 
2.53 
3.05 
3.80 
6.13 

2,01 
2.-46 
2.95 
3.66 
5.85 

1.96 
2.39 
2,84 
3.51 
5.56 

1.93 
2.34 
1.78 
3.41 
5,38 

1.91 
2.31 
2.73 
3.35 
5.25 

1.89 
2.27 
2.67 
3.27 
5.10 

1.87 
1,24 
2,64 

1.86 
2,22 
2,61 
3.18 
4.94 

1.S3 
2. t15 
2,55 
3.09 
4.77 

1.80 
2.14 
2.50 
3.02 
4.62 

15 

.100 
,050 
,025 
.010 
.001 16.59 

2,70 

6.36 
11.3-+ 

2,49 
3.2Y 
4.15 
5,42 
9.34 

2.36 
3.06 
3.80 
4.89 
3.25 

2.27 Z.2l 
2.79 
3.41 
4.32 
7.09 

2.16 
2.71 
3.29 
4.14 
6.74 

2,12 
2.64 
3.20 
4.00 
6.47 

2.09 
2.59 
3.12 
3.89 
6.26 

2,06 
2.54 
3,06 
},30 
6,08 

2.02 
2.48 
2,96 
3.67 
5..81 

1.97 
2..10 
2.86 
3.52 
5.54 

1.92 
2,33 
2.76 
3,37 
5.25 

1.89 
2.28 
2.69 
3.28 
5,07 

1.87 
2.25 
2.64 
3.21 
4.95 

1.85 
2,20 

4.30 

1.83 
2.18 
1.55 
3.08 
4.70 

L82 
2.16 
2.52 
3.05 
4.64 

1.79 
2, II 
2.46 
2.96 
4,47 

1.76 
2.07 
2.40 
2.88 
4.33 

16 

.100 

.010 
,00) 

3.05 
4.49 
6.12 
8.53 

16.12 

2.67 
3,63 
4.69 
6.23 

10,97 

2,46 
.1.24 
4.08 
5.19 
9.01 

2.33 
3.01 
3.73 
4.77 
7,94 

2.24 
2.85 
3.50 
4.44 
7,27 

2.18 
2.74 
3.34 
4.20 
6.80 

2.13 
2.66 
3.22 
4.03 
6.-16 

2.09 
2.59 
3.12 
3,89 
6.19 

2,06 
2.54 
3,05 
3.78 
5.98 

2.03 
2.49 
2.99 
3.69 
5,81 

1.99 
2.42 
2.89 
J.55 
5.55 

1.94 

3.-11 
5.27 

LS9 
2.28 
2.68 
3.16 
4.99 

1.86 
2.23 
1.61 
3.16 
4.81 

1.84 
2.19 
2.57 
3.10 
4.70 

LSI 
1.15 
2.51 
3.02 
4.54 

1.79 
2.12 
2.47 
2.97 
4.45 

2,45 
2.93 
4.39 

1.75 
2.06 
2.38 
2.S-l 
4.23 

1.72 
2.02 
2.32 
2.76 
4.08 

17 

.100 

.050 

.015 
,010 
.001 

3,03 
4.45 
6,04 
8.40 

15,72 

4.62 
6.11 

to.66 

2.44 
),20 
4.01 
5.19 
~,'/3 

2,31 
2.96 
3.66 
4,67 
7,68 

2.22 
2.8l 
3.44 
4.34 
7.02 

3,28 
4,10 
6,56 

2.10 
2,61 
).16 
}.93 
6.22 

2.06 
2.55 
3.06 
3.79 
5.96 

2.03 
2.49 
2,93 
3.68 
5.75 

2.00 
2.45 
2.92 
3.59 
5.58 

1.96 
2,38 
2.82 
3.46 
5,32 

1.91 
2.31 
2,72 
3.31 
5.05 

1.86 
2,23 
2.62 
3,16 
4,78 

1.83 
2.18 
2.55 
3.07 
4.60 

1.81 
2.15 
250 
3,00 
4.43 

1.78 

2.92 
4.33 

1.76 
2.08 
2.41 
2.87 
4.24 

1.75 
2.06 
2.38 
2.83 
4.IS 

2.75 
4.02 

2,26 
2.66 
3.87 

(Cof'llillHed) 

.. 



T-16 Tables Tables .1 T-17 

'~w:~.: 

F critical values (continued)F critical values (continued) 

Degrees of freedom in the numeratorDegrees of freedom in the numerator 

3.01 
4.41 

10 12 15 20 25 30 40 50 60 120 10004 

1.98 1.93 1.39 1.84 1.80 1.78 l.iS 1.74 1.72 L69 1.662,62 2.42 2,29 2.20 2.13 2.08 2.04 2.00 
2,41 2.34 2,27 2,19 2.14 2.11 2.06 2,04 2.02 1.97 1.923.55 3.16 2.93 2.77 2,66 2,58 2.51 2.46 
2.87 2.77 2,67 2.56 2.49 2.44 2.38 2.35 2.32 2.26 2,20 

,010 8.29 6.01 4,58 4,25 4,01 3,84 3.71 3.60 
18 .025 5.98 4.56 3.95 3,61 3.38 3,22 3.10 3.01 2.93 

3.51 3.37 3.23 3.08 2.98 2.91 2.84 2.78 2.66 2,58 
,001 15.38 10,39 7,46 6.~1 6.35 6,02 5.76 5.56 5.39 5.13 4,87 4.59 4.42 4.30 4,15 4,06 384 3,69 

1.96 1.91 1.86 Ul 1.78 1.76 1.73 1.71 1.70 1.67 1.64 
,050 4.38 3,52 3.13 2.90 2,74 2,63 2.54 2.42 
.100 2.99 2.61 2.40 2.27 2.18 VI 2.06 1.98 

2.38 2.31 2.23 2.16 2.11 2.07 2.03 2.00 1.98 1.93 1.88 
J9 .025 5.92 4,51 3.90 3.56 3.33 3,17 3,05 2.96 2,88 2.82 2.72 2.62 2.51 2.44 239 2,33 2.30 2.2i 2.20 2.14 

.010 8.13 5.93 5.01 4.50 4.17 3,94 3,77 3.63 3.52 3.43 3.30 3,15 3.00 2,91 2.84 2.76 2.71 2.67 2,58 2.50 

.001 15.08 10.16 ~.28 7.21 6,62 6.18 5.85 5,59 5.39 522 4.97 4.70 4.43 4.26 4,14 3.99 3.90 3,84 3.68 3.53 

1.94 1.89 1.84 1.79 1.76 1.74 1.71 1.69 la 1.64 1.61 
,050 4.35 ~.49 ),10 2.87 2.71 2.60 2.51 2.45 
.100 2.97 2.59 2.38 2.25 2,16 2.09 2.04 2.00 1.96 

2.35 2.28 2,20 2.12 2,07 2.04 1.99 1.97 1~ 1.90 
20 ,025 5.87 4.46 3.86 3.51 3.29 3.13 3,01 2,91 2,77 2.68 2,57 2.46 2.40 2.35 2.29 2.25 222 2.16 

.010 8.10 5.85 4.94 4,43 4.10 3.87 3.70 3.56 3,37 3.09 2.94 2,84 2.78 2.69 2.64 ~61 2.52 2,43 

,001 14.82 9,95 810 7,10 6,46 6,02 5.69 5.44 5.08 4.56 4.29 4.12 400 3.86 3.77 3~ 3.54 3.40 

1.91 1.87 1.83 1.78 1.74 1.72 1.69 1.67 1M 1.62 1.59 

,050 4.32 3,47 3.07 2.S4 2.68 2,57 2,49 2.42 
,100 2.96 2,57 2.36 2,23 2.14 2,08 2.01 1.98 

2.32 2.25 2.18 2.10 2,05 2.01 1.96 1.94 I~ un 1.82 
1.73 2.64 2.53 2,42 2,36 2.31 2.25 221 2.18 2.11 2.0521 .025 4,42 3.82 3.48 3.25 3.09 2,97 2.87 

~ 3.31 3.17 3.03 2.8S 2.79 2.72 2.64 2,';8 2~ 2.46 2.375,78 4,87 4.37 4.04 3,81 3.64 3.51 
~ 4.95 4.70 4,44 4.17 4,00 3.88 3,74 .1.64 lH 3.42 3.2814.59 9,77 7.94 6.95 6.32 5,88 5.56 5,31 5.11.S 

" 
~ 

1.90 1.86 1.81 1.76 1.70 1.65 1.64 1.572.95 2.56 2.35 2.22 2.13 2.!JI 1.97 1.93 
2.30 2.23 2,15 2.07 1.98 1.91 1.89 1.794.30 3,44 3.05 2.82 2.66 2.46 2,40 2.34 


22 

~ 

2.60 2.50 2.39 2,32 2,27 2.21 2.17 2.14 2.015.79 4.38 3.78 3.44 3.05 2.34 2.76 
3.12 2.98 2.83 2.73 2.67 2.58 2.53 2.50 2.327.95 5.72 4.82 4.31 3.76 3.45 3.35 

4.83 4,58 4,33 4,06 3.89 3.78 3,63 3.54 3,48 3..12 3,1714.38 9.61 7.80 6.81 6.19 5,76 5.44 5.19 4.99 

= 
l.89 LM 1.80 1.74 1.71 1.69 1.66 1.64 162 1.59 1.552.94 2.55 2.34 2.11 2.05 1.99 1.95 1.92] 2.27 2,10 2,13 2.05 2.00 1.96 1.88 1.86 1.81 1.764.28 3.42 .1.03 2.64 2.53 2.44 2,37 2.32 
2.67 2.57 2,47 2.36 2.29 224 2.14 2.11 2.04 1.985.75 4.35 3.75 3.41 3.18 3,02 2.90 2.81 2.7323 '" 
3.21 3.07 2.93 2.78 2.69 2.62 2,54 2,48 2,45 2,35 2.277.88 5,66 4,76 4.26 3,94 3,71 3.54 3.41 ),30., 
4.73 4.48 4.23 3.96 3.79 3.68 3.53 3.44 3.38 3.22 3.0814.20 9,47 7,67 6.70 6.08 5.65 5,33 5,09 4,89~ 

~ 1.88 1.83 1.78 1.73 1.70 1.67 1.64 1.62 1.61 LS7 1542.93 2.54 2.33 2.19 2.10 2,04 1.98 1.94 1.9 [ C! 
2.25 2.18 2,11 2.03 I.Q7 1.94 1.89 1.86 1.84 1.79 1.74 

24 
4.26 3,40 3,01 2.78 2.62 2.42 2.36 2.30 

2.64 2,54 1.44 2,33 2.26 2.21 2,15 2,1 I 2,08 2.01 1.945.72 4.32 3.72 3.38 3.15 2.87 2,78 2.70 
3.17 2.89 2.74 2.64 258 2.49 2.44 2,40 1.3J 2,227.82 5.~1 4.72 4,22 3.90 3,67 3,50 3.26 
4.64 4.14 3,87 3.71 3.59 3.45 3 .. )6 3.29 3.14 2.9914.03 9,34 7.55 6.59 5.98 5.55 5.23 4,80 

LSi 1.82 1.77 1.72 1.68 1.66 1.63 1.61 1.59 1.56 1.522.92 1.53 2.32 2.J8 2.09 2,(]2 1.97 1.93 LS9 
1,24 2.16 2.09 2,01 1.96 1.92 1.87 1.84 1.82 1.77 1.72 

25 
4.24 3.39 2.99 2.76 2.60 2,49 2.40 2.34 1.28 

2.61 2.51 2.41 2.30 2.23 2.18 2,12 2.08 2.05 1.98 1.915.69 4.29 3.69 3.35 3,13 2,97 2,85 2.75 2.68 
3.13 2.99 2.85 2.70 2.60 254 2.45 2.40 2.36 2.27 2.18 

13.8S 9.22 7.45 6,49 5.89 5.46 5,15 4.91 4,71 
7.77 5.57 4.68 4,18 3.85 3.63 3,46 3.32 3.22 

4.56 4.31 4,06 3.79 3.63 3.52 3,37 3.28 3.22 3.06 2.91 

,100 
.050 

26 ,025 
.010 
,001 

27 .025 
.010 
,OO[ 

2.91 
4.23 
5.66 
7.72 

13,74 

2.90 
4,21 
5,63 
7,63 

13,61 

2.52 
3,37 
4,27 
5.53 
9,12 

2.51 
3.35 
4.14 
5.49 
9,02 

2.31 
2.~ 

3m 
4M 
U6 

2~ 
296 
~~ 
~60 

~v 

2,17 
2,74 
3.33 
4.14 
6,41 

2.J7 
2.73 

6,33 

2,08 
2.59 
3.10 
3,82 
5,80 

2.07 
2.57 
3,08 
3.78 
5,73 

2,0] 
2.47 
2.94 
3.59 
5.38 

2.00 
2,46 
2.92 
3.56 
5.31 

1.96 
2.39 
2.82 
3.42 
5,07 

1.95 
1,37 
2,80 
3.39 
5,00 

1.92 
2.32 
2.73 
3,29 
4.83 

1.91 
2.31 
2.71 
3,26 
4,76 

US 
2.'27 
2.65 
3.18 
4.64 

1.87 
2.25 
2.63 
3,15 
4,57 

1.86 
2.22 
2.59 
3.09 
4.48 

1.85 
2.20 
2,57 
),06 
4.41 

1.81 
2.l5 
2.49 
2,96 
4.24 

1.80 
2,13 
2,47 
2.93 
4,[7 

1.76 
2.07 
2.39 
2,81 
3.99 

1.75 
2,06 
2.36 
2,78 
3.92 

1.71 
1.99 
2.26 
2.66 
3.72 

2,25 
2,63 
3.66 

1.67 
1.94 
2.21 
2.57 
3.56 

1.66 

2.54 
3,49 

1.65 
1.90 
2.16 

1.64 
1.88 
2.13 
2.47 
3.38 

1.61 

2.42 
3,30 

1.60 
1.84 
2.07 
2,38 
3.23 

1.59 
1.82 
2,05 
2.36 
3.21 

US 
1.81 
2.03 
2.33 
3,14 

1.58 

2.33 
3.15 

2.00 
2.29 
3.08 

L54 
1.75 
1.95 
2,23 
2.99 

1.51· 
1.71 
1.93 

LSI 

2.14 
2.84 

1.50 
1.68 
1.86 
2.11 
2.78 

(COlllimted) 

.. 



T-18 Tables Tables T-19 

111: 

F critical values (continued) 

Degrees of freedom in the numeratorOegrees of freedom in the nUrnel"ator 

10 12 15 20 25 30 40 50 60 120 10004 9p 

U4 1.79 1.74 1.69 t.6:i 1.63 1.59 1.57 1.56 1.52 1.482.50 2.29 2.16 2.06 2.00 1.94 1.90 1.87.100 
2.19 2.12 2.04 1.96 1.91 1.87 l.82 1.79 1.77 1.71 1.663.34 1.95 2.71 2.56 2.45 2.36 2.29 2.24.050 
2,55 2.45 2.34 2.23 2.16 2.1l 2.05 2.01 1.98 1.91 1.845.61 4.22 3.63 3.29 3.06 2.90 2.78 2.69 2.6128 .025 
3.03 2.90 2.75 2.60 2.51 2.44 2.35 2.30 2,26 2.17 2.087.64 5.45 4.07 3.75 3.53 3.36 3.23 3.12.010 
4.35 4.1 3.86 3.60 3A3 3.32 3.18 3.09 3.02 2.86 2.7213.50 ti.93 6.25 5.66 5.24 4.93 4.69 4.50.001 

1.83 1.78 1.7J 1.68 1.64 1.61 1.53 1.56 1.55 L5J 1.47.100 2.89 2.50 2.28 2.13 2.06 1.99 1.93 1.89 1.86 
2.18 2.10 2.03 1.94 1.89 1.85 1.81 1.77 1.75 1.70 1.654.18 3.33 2.93 2.70 2.55 2.43 2.35 2.28 2.22.050 
2.53 2.43 2.32 2.14 2.09 2.03 1.99 1.96 1.89 1.8229 .025 5.59 4.20 3.61 3.27 3.04 2.88 2.76 2.67 2.59 
3.00 2.87 2.73 2.48 2.41 2.33 2.27 2.23 2.[.1 2.057.60 542 4.54 4.04 3.73 3.50 3.33 3.20 3.09.010 
4.29 4.05 3.80 .1.54 3.38 3.27 3.12 303 2.97 2.81 2.66J 3.39 ggS 7.12 6.19 5.59 5.18 4.87 4.64 4.45.001 

1.81 1.72 1.67 1.63 L61 1.57 L55 1.54 1.50 1.46.100 2.88 2.49 2.28 2.14 2.05 1.98 1.93 1.88 L85 
2.16 2.01 1.93 1.88 1.84 1.79 1.76 1.74 1.68 1.63.050 4.17 3.32 2.92 2.69 2.53 2.42 2.33 2.27 2.21 
2.51 2.41 2.31 2.20 2.12 2.07 2.01 1.97 1.94 1.87 1.805.57 3.59 3.25 3.03 2.87 2.75 2.65 2.5730 .025 

2.84 2.10 2.55 2.115 2.25 2.21 2.1! 2.027.56 4.51 4.02 3.70 3.47 3.30 3.17 3.07 
4.00 3.75 349 3.33 2.98 2.92 2.76 2.6113.29 8.77 7.05 0.12 5.53 S.L? 4.82 4.53 4,39 

1.76 1.71 1.66 1.61 1.57 1.54 1.51 148 lAi 1.42 1.382.84 2.44 2.23 2.09 2.00 1.93 1.87 1.79 
2,08 1.91 L74 1.69 1.66 1.64 1.524.08 3,23 2.54 2.61 2.45 2.34 2.25 2.12 
2.39 1.94 1.88 1.83 1.80 L655.42 4.05 346 3.13 2.90 2.62 2.5.~ 2.45 

~ 40 
2.80 2.66 2.37 2.27 2.20 2.11 2.06 2.02 1.92 1.32.010 7.31 5.lg 4.31 3.~3 3.51 3, l2 2.99 2.39 

~ 3.87 3.64 3AO 3.14 2.98 1.87 2.73 2.6-1 2.57 241 2,25.001 12.61 3.25 6.59 5.70 5.13 4.73 4.44 4.21 4.02 
'§" 
5 1.73 1.63 1.53 1.50 1.46 1.44 1.42 1.38 1.33.100 2.81 2.41 2.06 1.97 1.90 1.84 uo 1.76 

2m 1.87 1.63 1.58 1.51 145.050 4Jl3 3.18 2.29 220 2.13 2.07 
2.32 2.11 1.99 1.80 1.72 1.64"" o 50 .025 5.34 3.97 3.39 2.67 2.55 2.46 1.38 
2.70 2.56 2.42 2.27 2.17 2.10 2.01 1.95 I.S0.010 7.17 4.20 3.72 3.41 .1.19 3.02 2.89"'" 3.67 3.44 3.20 2.95 2.79 2.68 2.53 2.44 2.21 2.05.:: .001 12.21 6.34 5A6 4.90 4.51 4.22 4.00 

§ 
1.71 1.66 1.60 J 54 1.50 1048 1.~ 1.41 lAO 1.35 1.30.100 2.79 2.39 2.18 2.04 1.95 1.87 1.82 1.77 1.74 
1.99 1.92 I.H4 1.69 1.65 1.59 J.56 153 1.47 140""~ .050 4.00 2.76 2.'13 2.37 2.25 1.17 2.10 
1.27 2.17 2.06 1.~7 1.82 I~ 1.70 1,67 1.58 1.4960 .025 5.29 3.34 3.01 2.79 2.63 2.51 2.41'" 2.63 2.50 2.35 2.20 2.10 1~4 1.88 1.84 1.73 1.62.010 7.08 4.13 3.65 3.34 3.12 2,95 2.82 2.72 
3.54 3.32 3.08 2.83 2.67 2.41 2.32 2.25 LOS 1.92.001 11.97 7.77 6.17 5.31 4.76 4.37 4.09 3.~6 3.69 

:" " 
L66 1.61 1.56 1.49 1045 1.41 I.Y 135 US 1.22Q .100 2.76 2.36 2.14 2.00 1.91 1.83 L78 1.69 
1.93 1.85 1.77 1.68 1.62 1.57 I~ lAS 1.38 1.30.050 3.94 3.09 2.70 2,46 2.31 2.19 2.10 1.97 
2.18 2.08 1.97 1.85 1.77 1.71 1~4 1.59 1.56 1.46100 .025 5.18 3.83 3.25 2.92 2.70 2.54 2.42 2.32 2.24 
2.50 2.37 2.22 207 1.97 I~O 1.74 1.69 1.57.010 6.90 4.82 3.98 3.51 3.21 2.99 2.69 
3..10 3.07 2.M 2.59 2.43 2.17 2.08 2.01 1.83 1.64.001 11.50 7.41 5.86 5.02 4.48 4.11 3.61 

1.63 1.58 1.52 1.46 1.41 1.38 1.34 l.Jl 1.29 1.23 U6.100 2.33 2.11 1.97 l.8H 1.80 !.75 1.70 
1.8S 1.80 1.72 1.62 1.56 1.52 1.46 1.41 U9 UO 1.21.050 3.04 2.65 2.42 2.26 2.14 2.06 1.98 
2.11 2.01 1.90 178 1.70 1.64 1.56 1 1.4i 137 1.25200 .025 5.10 3.76 3.18 2.gS 2.63 2.47 2.35 2.26 
2.4L 2.27 2.13 1.97 LS7 1.79 t .69 ~ 158 IA5 1.30.010 6.76 4.71 3.88 3,41 3.11 2.89 2.73 2.60 
3.12 2.90 2.67 2.42 2.26 US 2.00 1.90 1.83 1.64 1.43.001 11.15 7.15 5.63 4.81 4.19 3.92 3.65 3.43 

1.61 1.55 lA9 1.43 US 1.35 1.30 1.27 1.25 us 1.08.100 2.71 2.31 2.09 1.95 1.85 1.78 1.72 1.63 
1.84 l.76 1.68 1.58 1.52 1.47 1.41 1.36 L33 1.24 1.11.050 3.05 3.00 2.61 2.38 2.22 2.11 2.02 1.95 
2.06 1.96 1.85 1.72 1.64 1.58 LSO 145 1.41 !.29 1.1-11000 .025 5.04 3.70 3.13 280 2.58 2.42 2.30 2.20 
2.34 2.20 2.06 1.90 1.79 1.72 1.61 1.54 L50 1._~5 1.16.010 6.66 4.63 3.80 3.34 3.04 2.53 
2.99 2.77 2.54 2.30 2.14 2.02 l.:n 1.77 1.69 1.49 1.22.001 10.89 6.96 546 4.65 4.14 3.30 

. , 

" 


