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REGULAR - MAIN EXAM

STA 430: NON PARAMETRICS AND ROBUST METHODS

STREAM: ASC DURATION: 3 Hours

INSTRUCTION TO CANDIDATES

Answer ALL questions from section A and any THREE from section B.
============================================================

SECTION A [31 Marks]. Answer ALL questions.

QUESTION ONE [15 Marks]

a) Distinguish between a parametric an non parametric test
b) State three advantages of non-parametric methods
c) How does the Wilcoxon signed-rank test improve on the sign test?
d) What is your understanding of contingency table? Draw an example
e) What do robust methods refer to? Cite some examples

[2 Marks]
[3 Marks]
[2 Marks]
[4 Marks]
[4 Marks]

QUESTION TWO [16 Marks]

a) Using an example for each case explain the concepts simple and composite hypothesis.
[4 Marks]

b) Consider the following times of anagrams data under conditions P and Q

Condition P 3
Condition Q 23

5
37

97
64

12
24 14

Compute Marin-Whitney U Statistic [4 Marks]
c) For every non-parametric test there is an equivalent for each parametric general type of

test. State three broad categories that these tests fall into. [3 Marks]

d) Give R codes you would use perform to X2 test of independence. [3 Marks]
e) What is an equivalent non-parametric test to the following

i) One sample t-test
ii) Two sample t-test

[1 Mark]
[1 Mark]

SECTION B [39 Marks] Answer any THREE questions]

QUESTION THREE [13 Marks]

a) Discuss the advantages and disadvantages of sign test.
b) Consider the data on the heights of twelve infants given below:

[3 Marks]

18.2,21.4,22.6,17.4,17.6,16.7,17.1,21.4,20.1,17.9, 16.8,23.1
Perform Kolmogorov Smimov test to test the hypothesis that data came from normal
population at a = 0.01 significance level [10 Marks]
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QUESTION FOUR [13 Marks]
a) Give any three assumptions that apply when Mann Whitney test is conducted. [3 Marks]
b) What are rank tests? [2 Marks]
c) Conduct a test of outliers to detect any outliers in the data set and make necessary comment
on your results. Make any necessary comments

8.9 6.2 7.2 5.4 3.7 2.8 22.2 12.7 6.9 3.1 29.8
[8 Marks]

QUESTION FIVE [13 Marks]

a) Give test statistic for Wilcoxon signed rank test and give its three assumptions. [4
Marks]

b) An automotive development engineer is investigating the properties of two fuel injection
systems in order to determine whether they exhibit any significant difference in the level of
fuel economy measured on different cars. The systems are fitted to 12 cars and a test is run
ensuring that each injection system is used on each car under conditions which are as
uniform as possible. The fuel consumption figures (in miles per gallon) obtained are given
in the table below.

Car 1

System 1 27.6
System 2 26.3

2
29.4
31.0

3 4

29.5 27.2
28.2 26.1

5 6

25.8 26.9
27.6 25.8

7

26.7
28.2

8 9 10 11 12
28.9 27.3 29.2 27.8 29.2
27.6 26.9 30.3 26.9 28.3

Use the Wilcoxon signed-rank test to decide whether the median fuel consumption figures
are significantly different at the 5% level of significance [5
Marks]

c) Outline the procedure that gives the output on the right given the data on the left on two
methods of teaching, include R codes. [4 Marks]

14
III
20
10
12

10l
11

~11c.oJ(on rank St;., t~!,!

data: '~ethocLl ~nj "'C'tr.ocL~
'6 ee 42t n-vatue n O,026~;:
l\lternatlve nyoothes-l'S; true lOC~\~10t1 stnft "$ not equal to 0

Mdhod I

QUESTION SIX [13 Marks]

a) When is a permutation test used? Give its assumptions. [5 Marks]
b) In an experiment the dopamine concentrations in the brains of six rats on toluene treatment
and eight control rats were recorded as follows. The first six values are treatments while the
last eight are controls.

3120,2104,1664,2481,2603,2301,1620,1743,1397,1503, 2339, 2090,2231,1225
Perform a permutation test. [8 Marks]
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QUESTION SEVEN [13 Marks]

a) Suppose thirteen participants were asked to rate their satisfaction for a new product
introduced in the market. The results after analysis were as shown in the output below.

~
•••••• ""' .•. tttol••••••• po •••• Cf\rC • I 5

~CtIIIOt U 17 U
Pti_ ~ 2 • I

IIptd111Ct111Ot ),7 4J •••
TfII( c.... • 7 II

!lptdt(COIltI! U to 1U

WUt ,10-._
_ Plr_'*'M m ~1 J'~

et-rlV .•Sl7 .053
HtM!kICtt" U

-:.e:- b.l!l;Q> £rt(tSla, (I.- « aidtoO
P~~lIN ms< I .os3
~C«tt*n' ,..,. I .111
lJrIIlb»4RW ),,9') I /J'1
0a!ln~l'Ht ,'~ ,,*u.•..~ J.1S1 I .onMlocbCIOII
NOIV*Cutt IJ

••4Cti. (lOOJ1l!1lNtoIOtIII4I_'*" ••••. 'TI!tft'!/IIImom1IPt<It4_11 UI.
"~CWrIl!.2d _

Why was fisher's exact test preferred? Give a brief report on the above findings. [5 Marks]

b) Suppose twenty observations were chosen randomly from a continuous uniform distribution
over [0,1] and recorded as follows.

0.0123
0.3217
0.5139
0.7621

0.1039
0.3645
0.5846
0.8320

0.1954
0.3919
0.6275
0.8871

0.2621
0.4240
0.6541
0.9249

0.2802
0.4814
0.6889
0.9634

Determine the value of D; and test the null hypothesis that the square roots of these

values also have a continuous uniform distribution over [0,1] [D20 + = 0.232]. [8 Marks]
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vue STA 430 MAIN EXAMINATION

TABLE All QuantUel 01'«he KoImogorov T.1t Statistic"

or-SldedT_
,. - 0.90 0.95 0.97S 0..9 0.995 ,.- 0.90 0.95 0.915 0.99 0.99$

Two-SIded Test
P • o.ao 0.90 0.9S 0.ge 0.99 p - 0.80 0.90 0.95 0.98 0.99

,,-I 0.900 0.950 G.91S 0.990 0.99S ,,-11 0.226 0.259 0.281 0.311 0.344
I 0.6&4 0.776 0.842 O.WO 0.92' U 0.221 0.253 Q..l81 0.31~ 0.337
) 0.565 0.636 0.708 0.7e5 0.829 u 0.216 0.147 0.27S 0.307 0.330
•• 0.493 0.565 0.41~ 0.489 0.7~ 14 0.212 0.242 0.269 0.301 0.323
5 0.~7 0.509 0.563 M27 0.669 15 0.208 0.138 0.2~ 0.295 0.317
6 0..410 0.-468 0.5" OST! 0.617 16 o.~ 0.233 0.259 0.290 0·.311
7 0.381 0.436 0,.483 0.538 0.576 17 O.lOO 0.21'1 O~ o.l8. 0.305
8 0.3S8 0.410 0.4S. 0.507 05<11 18 0.197 O.llS 0.150 0.279 0.300
9 0.339 0.387 0.430 0.-480 0.513 19 0.193 0.221 o.l46 o.l75 0.195

10 0.323 0.369 0.<109 M57 0,489 30 0.190 0.218 0.242 0.270 0.290
II 0.306 0.352 00391 Otm 0.-468 31 0.187 0.11-4 0.238 0.266 0.285
11 0.196 0.338 0.375 0.419 0.449 32. 0.184 0.211 0.23<1 0.162 0.281
13 O.2SS 0.325 0.361 o.~ OAll 33 0.182 0.208 0.2l1 o.lse 0.277
14 0.275 0.314 0.3-49 0.390 Mia 34 0.17'9 0.205 0.217 ~ 0.113
IS 0.166 0.304 0338 0.377 o.~ 3$ 0.177 o.lOl o.n. o.lSl 0..l69
16 0.1S8 0.195 0.327 0.366 0.392 16 0.17'" 0.199 0.211 0.247 0.l6S
17 O.lSO 0.286 0.318 0.355 0.381 37 0.172 0.196 0.118 0.244 0.262
18 O.l~ 0.279 0.309 O.3ol6 0.371 38 0.170 0.19-4 0.215 0.2-41 0.258
19 0.237 0.271 0301 0.337 0.361 39 0.168 0.191 0.213 0.238 0.255
10 0.232 0.165 0.29-4 0.31'1 0.352 -4() 0.165 0.189 0.210 0.235 0.252

App"'>ld~tion 1.07 1.11 !JL
~

!AL
for,,> 40 Vn Vii· Vii Vn

TA8LEAIl QuantD.s 01'the Wilcoxon SlfI1ed RanIcJ TMt Statisdc

!!!!!..:!:..ll
Wuoo •••••• "'- W•• "'Ut Wuo w•.•• w•.• w"" 2

If·" 0 0 0 0 I ) 1 •• 5 10
5 0 0 0 I 3 •• S 6 7.5 IS
6 0 0 I J " 6 8 9 10..5 21

..•. 1 0 I 3 " 6 , II n 14 2S~ • 1 4 6 9 12 14 16 18 36•f 1 4 6 9 II 15 18 20 2l.S <IS

10 of 6 9 II IS 19 22 lS 27..5 55
II 6 11 II 14 18 13 17 30 33 66

12 8 10 14 18 22 2S 32 34 39 78

" 10 13 18 22 17 )) 38 -U .5..5 91
'4 13 16 21 16 II 3' 44 <IS ill IOS
IS

"
20 26 31 37 <IS 51 5S 60 120

16 20 )4 30 36 .q SI 58 63 68 136
11 14 2S 35 41 <19 se 6S 71 1U IS3
18 2S 33 .1 <IS 56 66 73 80 8$.5 111
19 13 38 47 54 63 7.•• 82 89 9S 190
20 38 ~ 53 61 70 83 91 98 105 210
11 44 SO $9 68 78 91 100 108 115..5 231
n .., 56 67 76 87 100 110 '" 11U 153
II 5S 4J 7. 84 95 110 120 130 138 216. U 62 70 81 92 IOS 120 131 141 ISO 300
2S " 77 90 101 II. 13. 1'13 IS3 162.5 315
16 16 as 99 III 125 1<Il I~ 165 175.s 3S1
17 84 94 108 110 Il5 154 167 178 189 378
18 91 . 101 117 III 146 166 180 192 103 <406
29 10. III 12.7 I.••• 158 178 "1 206 217..5 oilS

30 110 III 138 152 110 '" 107 120 13l.S 46S
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