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SECTION "A"

t00 Q.x I =10 marksl

Fill in the blanks by the most appropriate word(s) or symbol(s).

1. One of the assumption made in ANOVA is called'assumption of normality'according to
which it is assumed that

2, If there are'a' number of treatments to be compared with 'n' observations per treatment then
degrees of freedom associated with total sum of squares is

o

3. The expectation of Ustatistics is

4. test is used to determine whether
membership in the categories of one variable is dependent on the categories of another
variable.

5. In regression analysis the set of equations that are used to estimate the values of unknown
coefficients in regression equations are called

6. In multiple regression analysis the coefficient of multiple determination is used to measure
the amount of variation in dependent variable is

-rL 7. SupposeamultipleregressionanalysisyieldedtheequationY = 5.6+2.8X.-- 3.9 Xz,

{J then the change in value of Y for unit change in the value of X2 by keeping X1 constant is

8. The _.-- test tests for the difference between paired observations by
substituting +, - and 0 for quantitative values.

9. For a process to be in-control, all observations in control chart must fall within
and

10. Nonrandom pattern present in control charts indicate the presence of
varratron.



SECTION "B"
[0Qx1=l0marks]

Fill in the blanks(s) by the most appropriate word(s) of symbol(s).

ll. 24 patients of acute pneumonia are observed for effectiveness of four types of medicines by
categofizing them into three groups on the basis of their age as 'less thai25', 'between 25
and 50'and 'above 50'. The ANOVA test carried here is in
(i) completely randomized design (CRD)
(iii) Iatin square design (LSD)

(ii) random ized block design (RBD)
(iv) factorial design

12. ln RBD, the F-statistic used to reject the null hypothesis on equality of treatrnent means is
obtained by dividing
(i) MSr, by MSs
(iii) MSr, by MSsl

(ii) MSBrby MSs
(iv) MS5 by MS1.

13. Which form of altemative hypothesis for testing equality of several population proportions
is invalid? ()-
(i) populations proportions are not all equal
(ii) population proportions are all different
(iii) at least one population proportion is different
(iv) there is significant difference among different population proportions

14. If the means of more than two populations which are normal
variance o' a.e to be compared then the statistic SS/o2, has

ly distributed with common
distribution

(i)z (ii) t (iii) Chi- square (iv) F

15. The correlation between two variables by eliminating the effect of other variables affecting
them is called
(i) multiple correlation
(iii) simple correlation

(ii) partial correlation
(iv) nested correlation

16. The number of days nine formerpatients stayed atC &T Hospital are observed to be 13,4,
2, 10,6, 10,9,7, 8. If the number of stays are ranked in ascending order, then the ranking f^
for lO-day stay in the hospital is 

-- 

LJ
(De (ii) 8 (iii) 7.5 (iv) 9.s

t7 is represented by P
(i) right-tailed test of variance
(iii) right tailed test of mean

(ii) left tailed test of variance
(iv) Ieft tailed test of mean

7.2

18. In regression equation Y -- a * Fdr * \zXz the value of dependent variable when the
values of all independent variable is set to 0 is given by
(i) o (ii) 9r (iii) B2 (iv) Y

19. The UCL of R-chart if process standard deviation is not known is
(i) D1 R (ii) D2 R- (iii) D3 R (iv) Dn

20. The control chart used to monitor process variability is
(i),f - Chart (ii) p-Chart (iii) d-Chart

R_

(iv) R-Chart
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SECTION "C"
[3 Q. * 9 =27 marks]

l. Describe the steps involved in using'Sign test'to determine whether the median of a
population is significantly less than a specified value on the basis of a sample of size'n',
assuming that'n <20'.

The ozone density on 6 randomly selected days of May, September and November in
Kathmandu in 2013 are below-

Without assuming the data to have normal distribution, use Kruskal-Wallis H-test at .05

significance level to determine whether the ozone density in Kathmandu has identical data
distributions in months of May, September and November in 2013. [4+5]

OR

Todd Olmstead is the Meals-on-Wheels dispatcher for the Atlanta city. He wants meals delivered
within 30 minutes of leaving the kitchen. Meals with longer delivery times tend to be too cold when
they arrive. Each of his 10 drivers is responsible for delivering 15 meals daily. Over the past month,
Todd has recorded number of each 150 meals that were delivered on-time.

Help Todd construct a p-chart from these data. How does your chart show that the proportions of
meals delivered on-time is out-of-control?

2. In randomized block design totalvariation in observed data is decomposed as SS7 = SS7, *
S.SBr + SSs . Explain the meaning of each term clearly indicating degrees of freedom

associated with each component and mentioning expression for their calculation if there are
oa' treatments and 'b' blocks with one observation per cell.

The cutting speeds of four types of tools are being compared in an experiment. Five cutting
materials of varying degree of hardness are to be used as experimental blocks. The data

the measurement of time in seconds in the table below

ffi

-rs

Carry out ANOVA at 0.05 level to test whether there is significant difference among
different types of cutting tools and among different type of cutting materials. [4+5]

Month Ozone Density
May 4t 36 l2 t8 28 23

September 29 7l 39 23 2l 37

November 35 49 32 64 40 77

Day I 2 aJ 4 6 85 7 9 t0
No. of on-time delivery L34 122 L43 133 L44 130 L47 126 136 LzL
Day ll t2 l3 14 l5 t6 t7 18 t9 20
No. of on-time delivery 132 130 145 L28 718 L34 734 118 t4L L4t
Day 2t 22 23 24 25 26 27 28 29 30
No. of on-time delivery 749 743 L42 !34139 122 749 136 138 !32

BlocksTreatments

I 2
a
J 4 5

I t2 2 8 I 7
2 20 t4 l7 t2 t7
5 t3 7 13 8 t4
4 1l 5 l0 a

J 6



3. Write down the three normal equations that are used to deterrnine the values of constants cr,

0r and B2 in fitting of parabolic function ! = a * B$ * Fz x2.

Following data pertain to the growth of a colony of bacteria in a blood culture medium:

Days since inoculation
(x)

J 6 9 t2 l5

Count (00000)
(y)

l.l 1.4 2.3 3.5 5.7

(i) Plot y
(ii) Fit an

versus x to verify that it is reasonable to fit an exponential curve.
exponential curve to the given data.

(iii) Estimate the number of bacteria at the end of 2l't day [3+l+4+l]

4.

SECTION "D"
[a Q.r 7 =28 marks]

Genetic th9ory states that children having one parent of blood group A and other of blood
group B will always be one of the three blood groups A, AB and B with proportions of I :2
: 1. According to a survey of 300 children having one parent of blood group'A and other of
blood qoup B,30oA have blood group A,45o have blood group aB and i5%huv" blood
group B. Carry goodness-of-fit test at 5Yo level of significance to test whether the survey
validated genetic theory.

@r

C

5. A researcher for an automobile safety institute was interested in determining whether or not
the distance that it takes to stop a car going 60 miles per hour depends on thi brand of the
tire. The researcher measured the stopping distance (in feet) of five randomly selected cars
for each ofthree different brands labeled as Brandl, Brand2, Brandj, Brand4, and Brand;.
Here are the data from his

Do the data provide enough evidence to conclude at 5%o level of significance that at least
one of the brands is different from the others with respect to stopping distance?

A quality control chart has been maintained for weights of paint cans taken from a conveyor
belt at a fixed point in a production line. Sixteen (16) weights obtained today, in order of
time, are as follows:

68.2 71.6 69.3 7t.6 70.4 65.0 63.6 64.7
65.3 64.2 67.6 68.6 66.8 68.9 66.8 7o.t

Use the run test, at approximately a 0.05 level, to determine whether the weights of the paint
cans on the conveyor belt deviate from randomness. (lt is given that the median weigirt of
the sampled paint cans is 67.9.)

7. Write short notes on (AlW ffi/O)
a. Determination of sample size for proportion
b. Advantages of controlcharts
c. Mann-Whitney test

6.

Brand I Brand 2 Brand 3

t94 189 185
184 204 183
189 190 186
189 190 183
188 189 179
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3.37

3.26

3. l6
3.08

3.00

2.94

2.88

2.83

2.75

2.74

2.70

2.66

2.63

2.60

2.57

2.55

2,37

2.20

2.03

t.88

6235

99.46

26.00

l3.93
9.47

7.3 r

6.07

5.28

4.73

4.33

4.02

3.78

3.59

3.43

3.29

3.l8
i.08
3.00

2.92

2.86

2.80

2.75

2.70

2.66

2.62

2.58

2.55

2.52

2.49

2.41

2.29

2.t2
1.95

1.79

6261

99.47

26.50

r3.84

9.38

7.23

5.99

5.20

4.65

4.25

3.94

3.70

3.51

3.3s

3.21

3.l0
3.00

292
2.84

2.78

2.72

2.67

2.67

2.58

2.54

2.50

2.47

2.44

2.4t

2.39

2.20

2.03

l.86
1.70

6287

99.47

26.41

t3.75

9.29

7.14

5.91

5.12

4.57

4.17

3.86

3.62

3.43

3.27

3. l3
3.02

2.92

2.84

2.76

2.69

2.64

2.58

2.54

2.49
)4<
2.42

2.38

2.35

2.33

2.30

2.u
1.94

t.76

1.59

53r3
99.48

26.32

I 3.65

9.20

7.06

5.82

5.03

4.48

4.08

3.78

3.54

3.34

3.18

3.05

2.q3

2.83

2.75

2.67

2.61

2.55

2.50

2,45

2.40

2.36

2.33

2.29

2.26
))1
z.2t

2.02
I Ot

1.66

1.47

6339

99.49

26.22

13.56

9.1 I

6.97

5.74

4.95

4.40

4.00

3.69

3.45

3.25

3.09

2.96

2.84

2.7 5

2.66

2.58

2.s2

2.46

2.40

2.35

2.31

2.27
1'r2

2.20

2.t7
2.14

2.l l

t.9?

t.73

1.53

1.3?

6366

99.50

26.|J
t3.46
9.02

6.88

5.65

4.46

4.3t

3.91

3.60

3.36

3.17

3.00

2.87

2.75.

2.65

2.5"7

2.59

2.42

2.36

2.3t

2.26

2.21

2.17

2.13

2.10

2.06

2.03
I nl

r.60

1.60

r.38

r.00

o\
o\

rllll
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d
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.00+

.01

.07

.21

.41

.68

.99

1.34
111

2.16

2.60

3.$7

3.57

4.07

4.60

5.14

5.70

6.26

6.84

7.43

8.03

8.64

9.26

e.89

10.52

1t.16

r r.8l
12.46

13.12

t3.79

2A.71

27.99

35.53

43.28

51.t7

59.20

67.33

.00+

.02

.lt

.30

.55

.87

1.24

l.65
2.09

2.56

3.05

3.57

4.t-l
4.66

5.23

5.8I

6.41

,7.01
7.63

8.26

8.90

9.54

10.20

10.86

11.52

12.20

r 2.88

13.57

t4.26

t4.95

22.16

29.71

37.48

45.44

s3.54

61.'15

70.06

.00+

.05

,22

.48

.83

1.24

1.69

2.18

2.70

3.25

3.82

4.40

5.0r

5.63

6.27

6.9t

7.56

8.23

8.91

9.s9

10.28

10.98

I1.69

12.40

13.12

13.84

14.57

I 5.31

16.05

16.79

74.43

32.36

40.48

48.76

57.15

6s.6s

74.22

.00+

.10

.35

.71

t.l5
1.64

2.17

2.73

3.33

3.94

4.57

5.23

5.89

6.57

1.26
'!.96

8.67

9.39

10.t2

10.85

I 1.59

12.34

13.09

13.85

t4.61

15.38

16.r5

16.93

t7.7t
18.49

26.51

34.76

43.19

51.74

60.39

69.r3

77.93

x?,

.02

.21

.58

r.06
1.61

2.20

2.83

3.49

4.17

4.87

).)6
6.30

7.M
7.79

8.5s

9.31

10.09

10.87

I1.65

12.44

13.24

14.04

14.85

15.66

16.47

17.29

18.1 I

18.P4

19.71

20.60

29.05

37.69

46.46

55.33

64.28

73.29

82.36

.45

1.39

2.37

3.36

4.35

5.3s

6.35

1.34

8.34

9.34

10.34

1 1.34

t2.34
13.14

14.34

15.34

t6.34
17.34

18.34

19.34

20.34

2t.34
22.34

23.31

24.34

25.34

26.34

27.34

28.34

29.34

39.34

49.33

59.33

69.33

79.33

89.33

99.33

2.71

4.61

6.25

7.78

9.24

10.65

12.02

13.36

14.68

15.99

t7.28

18.55

r9.81

21.06

22.31

23.54

24.77

25.99

27.20

28.41

29.62

30.81

3?.01

33.20

34.28

3s.56

36.74

37.92

39.09

40.26

5 1.81

63.t7

74.40

8s.53

96.58

101.s7

I r 8.50

3.84

5.99

7.81

9.49

I 1.07

12.59

14.07

15.5 r

16.92

18.3 1

19.68

21.03

22.36

23.68

25.00

26.30

27.59

28.87

30.14

31.41

32.61

33.92

35.17

36.42

3'7.65

3 8.8S

40.1r

41.34

42.s6

43.77

55,76

67.s0

79.08

90.53

10r.88

I t3.14
124.34

5.02

7.38

9.35

I l.l4
12.83

14.45

16.0r

17.s3

19.02

20.48

2t.92
23s4
24.71

26.12

27.49

28.85

30.19

3 1.53

32.85

34.t7
35.48

36.78

38.08

39.36

40.65

41.92

43.t9
44.46

45;72

46.98

59.34

71.42

83.30

95.02

106.63

r t8.14

129.s6

6.63

9.21

I 1.34

13.28

15.09

16.81

18.48

20.09

21.67

23.21

24.77

26.22

27.69

29.14

30.58

32.00

33.41

34.8 r

36.1 9

37.57

38.93

40.29

4t.64
42.98

M.3l
45.64

46.96

48.28

49.59

50.89

63.69

76.15

88.38

r00.42

n2.33
124.12

I 35.8 r

7.88

10.60

12.84

r4.86

16.75

18.55

20.28

21.96

?3.59

25.19

26.76

28.30

29.L2

31.32

32.80

34.27

35.72

37.16

38.58

40.00

41.40

42.80

44.18

45.56

46.93

48.29

49.65

50.99

52.34

53.67

66.17

79.49

91.95

104.22

116.32

128.30

t40.17

Tirble III Percentage Poinrs t'",, of the Chi'squared Distribution

I

2

3

4

5

6

7

I
9

l0
ll
l2
13

t4
l5
i6
t7

l8
l9
20

2l
22

23

24

25

26

27

28

29

30

40

50

60

10

80

90

100

€

v = degrees of freedom.
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Table IV Percentage Points t,.,, of the t-Disrribution

I

z
3

4

5

6

7

8

9

t0
ll
l2
l3
l4
l5
l6
l7
l8
r9
20

21

22

23

24

25

25

27

28

29

30

40

60

120
@

.325

.289

.277

.271

.267

.265

.263

.262

.261

.260

.260

.259

.259

.258

.258

.258

.25't

.257

.257

.257

.257

.2s6

.256

.2;6

.256

.256

.2s6

.2s6

.2s6

.256

.255

.254

.254

.253

r.000
.8r6
.76s
.'l4l
.727

.718

.7n

.106

.703

.700

.697

.695

.694

.692

.69t

.690

.689

.688

.688

.687

.686

.686

.685

.685

.684

.684

.684

.683

.683

.683

.681

.679

.677

.674

3.078

1.886

r.638

r.533

t.476
1.444

1.415

1.397

1.3 83

1.372

1.363

1.356

r.350

1.345

1.341

1.337

r.333

1.330

1.328

1.325

1.323

t.321
1.319

I .318

r.316

I .315

1.314

r.313

l.3l I

l .310

r.303

1.296

1.289

1.282

6.314

2.920

2.3s3

2.132

2.0t5
t.943

1.895

r.860

1.833

1.8 l2
1.796

1.782

1 .771

t.761
1.753

1.146

1.740

t.734
1.729

1.725

1.721

1.1 t7
1.7 t4
l.7 tr
r.708

t.706

r.703

1.701

t.699
1.697

1.684

1.67t
r.658

1.645

12.706

4.303

3.r82
2.776

2.571

2.447

2.365

2.306

2.262
)'))*,
2.201

2.1'79

2.t60
2 t45
2.131

2.120

2.t l0
2.101

2.093

2.086

2.080

2.074
2.069

2.064

2.060
2.056

2.052

2.048

2.045

2.042

2.021

2.000

1.980

1.960

3L82r
6.965

4.541

3.747

3.365

3.143

2.998

2.896

2.821

2.764

2.718

2.681

2.650

2.624

2.602

2.583

2.567

2.552

2.539

2.528

2.5 l8
2.5LE

2.504

2.492
2.485

2.479

2.473

2.467

2.462

2.457

2.423

2.390

2.358

2.326

63.657

9.925

5.841

4.604
4.032

3.707

3.499

3.355

3.2s0

3.169

3.106

3.055

3.012

2.977

2.947

2.92t
2.898

2.878

2.861

2.845

2.831

2.819

2.807

2;797

2.787

2.779

2.771

2.763

2.756

2.750

2.704

2.660
2.617

2.s76

r 4.089

7.453

s.598

4.773

4.317

4.029

3.833

3.690

3.581

3.497

3.478

3.372

3.326

3.286

3.252
7 ))'.)

3.197

3.174

3.t53
3.135

3.119

3.r04
3.091

3.078

3.067

3.057

3.047

3.038

3.030

2.971

2.915

2.860

2.807

3 18.3 r

23.326
10.2 i3
7.t73
5.893

5.208

4.78s

4.501

4.297

4.144
4.02s

3.930

3.852
3.787

3.733

3.686

3.646
3.610

3.579

3.552
3.527

3.505

3.485

3.467

3.450

3.435

3.421

3.408

3.396

3.385

3.307

3.232

3.160

3.090

636.62

3 t.598
t2.974

8.6r0
6.869

5.959

5.408

5.041

4.781

4.587

4.437

4.318
4.221

4.140
4.073

4.015

3.96s

3.922

3.883

3.850

3.819

3.792
3.767

3.74s
3.725

3.7A7

3.690

3.674

3.659

3.U6
3.55 r

3.460
3.373

3.29t

@

&

u = degrees offreedom.
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