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Answer ALL questions. You may answer either in Bahasa Malaysia or in English.

Read the instructions carefully before answering.

Each question is worth 100 marks.

fSila pastikan bahowa kertas peperilcsaan ini mengandungi DUA PULUH TUJUH muka

surat yang bercetak sebelum anda memulakan peperiksaan.

Jawab SEMUA soalan. Anda dibenarlffin menjawab sama ada dalam Bahasa Malaysia
atau Bahasa Inggeris.

Baca arahan dengan teliti sebelum anda menjm,ttab soalan.

Setiap soalan diperuntukknn 100 markah.l
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2.

1. (a) A researcher selected a sample of 50 residents from t}ree different cities to
determine if they were willing to participate in a medical experiment.

Atcr = 0.05, test the claim that the proportions who will participate are equal.

Residents Citv A City B City C
Willine to participate t7 13 27

Not Willine to participate aa
JJ 37 23

Total 50 50 50

(55 marks)

(b) Eight music videos were ranked by teenagers and their parents on style and

clarity, with I being the highest ranking. Ata = 0.05 , is there a relationship

between the rankings of teenagers and parents?

(45 marks)

(a) A group of final year students were randomly selected from a university and

asked about their plans for the following year. The university advising office
claims that 50Yo of the students plan to work, 30% of the students plan to
continue studying md 20% of the students plan to take some time off.
Ato = 0.05, is there evidence to reject this hypothesis?

Plans Work Studv Time off
No. of students 24 15 9

(40 marks)

Music Videos I 2 J 4 5 6 7 8

Teenagers 4 6 2 8 I 7 J 5

Parents I 7 5 4 J 8 2 6
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...3/-



- 3 - UrM2rz)

(b) The breaking limit of five kinds of rope is measured using four different
devices.

(D Complete the ANOVA table for the experiment.

Source d.f. SS MS F

Treatment 4 74.353 ? ?

Block J
,) t.407 ?

Error ? 23.335 ?

Total ? ?

Using a = 0.05 , test to determine whether there is sufficient evidence to
indicate differences among,

(ii) breaking limits of ropes,

(iii) devices used.
(60 marks)

3. The manager of a bank wanted to know whether the four tellers serve, on average,
the same number of customers per hour. A research officer of the bank observed
each of the four tellers for a certain number of hours. The following table gives the
number of customers served by the four tellers during each of the observed hours.

Teller A Teller B Teller C Teller D
20 18 l3 l8
26 t6 t7 24

21 13 l3 26
I9 2l l4 21

24 l4 t6 19

1l I4
*l---

srt :8'5
iz =15.5

sz' :13'1
7s =14.5

sl =2'7

T+ =21'6
so2 = I1.3

Xcu = 18'091

By usingo = 0.05,

(a) test for homogeneity of variances,
(30 marks)

(b) test the hypothesis that the mean number of customers served per hour by
each of these four tellers is the same.

(30 marks)
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(c) If the null hypothesis is rejected, test all possible pair wise comparisons for
the mean number of customers served.

(40 marks)

(") A researcher wishes to determine if the number of viewers for l0 returning
television shows has not changed since last year. The data are given in
millions of viewers. Using Paired'Sample Sign Test, test the claim that the
number of viewers has not changed atcx, = 0.01.

(40 marks)

A medical researcher wishes to test the effects of two different diets and two
different exercise programs on the glucose level (mg/dl) in a person's blood.
Three subjects are randomly assigned to each group. Analyze the data shown
here, using a two-way ANOVA witho = 0.05.

Diet
Exercise program A B

I 66- 64.62 62. 58. 53

il 72.68.65 91. 85. 83

Below is the ANOVA table.

(D What are the names of the two factors?
(ii) How many levels does each factor contain?
(iii) Complete the ANOVA table.
(iv) State the hypotheses for the study.
(v) What are your conclusions for the study?

(60 marks)

(b)

Show I 2 a
J 4 5 6 7 8 9 t0

Last vear 2r.0 t9.2 28.9 26.4 20.8 2s.0 15.3 16.8 18.8 13.7

This vear 18.9 17.8 26.6 20.5 20.8 19.1 15.8 16.0 t6.7 16.8

Source SS d.f. MS F

Exercise 816.750 ,) ,l ,)

Diet 102.083
,) ? ,l

Interaction 444.083 ? ? ?

Within ? ? ?

Total r470.9t6 ?

168
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5. A psychologist wants to determine if there is a linear relationship between the
number of hours, .r, a person goes without sleep and the number of mistakes, y,
he/she makes on a simple test. The information obtained is given below.

999

Lx, =329, Z!, =70, Z*,y, =2698,
i=l t=l ,=1

99

L*,, =12509, Zyr, = 612.
t=l r=l

(a) Compute the value of the correlation coefficient.
(25 marks)

(b) Test the significance of the correlation coeffrcient equal to 0 ata = 0.05.

(25 marks)

(c) Find the equation of the regression line.
(25 marks)

(d) Find a 95Yo prediction interval for the number of mistakes made when a

person goes without sleep for 30 hours.
(25 marks)

l-69
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(a) Seorang penyelidik memilih sampel terdiri daripada 50 residen setiap satu dari
tiga buah bandar untuk menentukan sama ada mereka rela untuk menyertai
suatu ujikaji perubatan. Pada o = 0.05, uji dakwaan bahawa kadar yang rela
menyertai ujikaji tersebut adalah sama.

Residen Bandar A Bandar B Bandar C

Rela untuk turut serta t7 13 27
Tidak rela untuk turut serta JJ 37 23

Jumlah 50 50 50

(55 markah)

(b) Lapan video muzik dinilai dari segi gaya dan kejelasan oleh remaja dan

ibubapa mereka, dengan I sebagai pangkat yang tertinggi. Pada cr = 0.05,
adakah perkaitan di antara kedua-dua pangkat remaja dan ibubapa?

(45 markah)

(a) Sekumpulan pelajar tahun akhir sebuah universiti dipilih secara rawak dan

ditanya mengenai perancangan mereka pada tahun berikutnya. Pejabat
penasihat universiti mendalwa 50To pelajar bercadang untuk bekerja 30%
pelajar bercadang untuk melanjutkan pengajian dan 20% pelajar bercadang

untuk berehat seketika. Pada a = 0.05, adakah bukti untuk menolak hipotesis
ini?

Rancangan Keria Belaiar Berehat
Bilangan pelajar 24 15 9

(40 markah)

-6-

1.

2.

Video Muzik I 2 J 4 ) 6 7 8

Remaia 4 6 2 8 I 7 a
J 5

Ibubapa I 7 5 4 J 8 2 6

1?0
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(b) Takat putus lima jenis tali diukur menggunakan
berlainan.

urM2r2l

empat jenis alat yang

3.

(i) Lengkapkan jadual ANOVA untuk ujikaji ini.

Sumber d.k. SS MS F
Olahan 4 74.353 2 ,)

Blok J
,) 1.407

,)

Ralat ? 23.335 ?

Jumlah ,7 ,l

Padaa = 0.05 , ujikan sama ada terdapat perbezaan-berbezaanyang bererti
at:,ltarao

(ii) takat memutus tali-tali itu.
(iiD alat-alat yang digunakan.

(60 markah)

Pengurus sebuah bank ingin mengetahui sama ada keempat-empat juruwang secara

purata melayan bilangan pelanggan yang sama bagi setiap jam tertentu. Seorang
penyelidik di bank tersebut telah rnemerhati keempat-empat juruwang pada

beberapa jam yang tertentu. Jadual yang berikut menunjukkan bilangan pelanggan

yang dilayan oleh keempat-empat juruwang pada setiap jam yang diperhatikan.

Juruwang A Juruwans B Juruwans C Juruwans D
20 18 13 18

26 16 t7 24

2I r3 13 26

t9 2l T4 21,

24 T4 T6 T9

1t t4
it =22

si = 8.5

iz =15.5

sl =13j
iz =145
s? =2'7

7q =21.6

slt = 1 1.3

Xcu = 18.091

Pada cr = 0.05,

(a) jalankan ujian kesamaan varians,
(30 markah)

(b) uji hipotesis bahawa min bilangan pelanggan yang dilayan oleh keempat-

empat juruwang per jam adalah sama.
(30 markah)

17L
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(c) Jika hipotesis nol ditolak, jalankan ujian berpasangan
pelanggan yang dilayan.

unvt2r2l

untuk min bilangan

(40 markah)

4. (a) Seorang penyelidik ingin menentukan sama ada l0 rancangan televisyen yang
disambung siaran mempunyai bilangan penonton yang sama seperti tahun
lepas. Data menunjukkan bilangan penonton dalam juta. Dengan
menggunakan Ujian Tanda Berpasangan, uji dakwaan bahawa bilangan
penonton tidak berubah pada a = 0.01.

(40 markah)

(b) Seorang penyelidik perubatan ingin menguji kesan dua jenis diet dan dua jenis
program senaman ke atas paras glukos (mg/dl) dalam darah seseorang. Tiga
orang diagihkan secara rawak kepada setiap kumpulan. Dengan
menggunakan ANOVA ujikaji dua faktor, jalankan analisis pada cr = 0.05 .

Diet
Program senaman A B

I 66,64,62 62.58.53
II 72,68,65 91. 85, 83

Di bawah adalah jadual ANOVA.

Apakah nama dua faktor tersebut?
Berapakah paras bagi setiap faktor?
Lengkapkan j adual ANOVA.
Nyatakan hipotesis-hipotesis kaj ian.
Apakah kesimpulan-kesimpulan anda?

(60 markah)

...9/-

(i)
(iD
(iii)
(iv)
(v)

Rancangan I 2 a
J 4 5 6 7 8 9 10

Tahun lepas 2t.0 t9.2 28.9 26.4 20.8 25.0 15.3 16.8 18.8 13.7

Tahun ini 18.9 t7.8 26.6 20.s 20.8 19.1 15.8 16.0 t6.7 16.8

Sumber SS d.k. MS F

Senaman 816.750 2 ? ?

Diet 102.083 ? ,l ,l

Interraksi 444.083 ? ? ,)

Ralat
,)

?
,)

Jumlatr t470.916 ,)

L72
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5. Seorang ahli psikologi ingin menentukan sama ada terdapat hubungan linear di
arfiara bilangan jarrt, x, seseorang berjaga dan bilangan kesalahan, !, yang dibuat
dalam suatu ujian mudah. Maklumat yang diperolehi diberikan di bawah.

lx, =329, Zy, =70, 2*,y, =2698,
,=1 ,=1 i=l
99

Z*'' =12509, Zy'' =612.
,=l i=I

(a) Hitung nilai pekali korelasi.
(25 markah)

(b) Ujikan keertian pekali korelasi sama dengan 0 padacr = 0.05.
(25 markah)

(c) Dapatkan persamaan garis regresi.
(25 markah)

(d) Dapatkan selang ramalan 95Vo bagi bilangan kesalahan yang dilakukan
apabila seseorang berjaya selama 30 jam.

(25 markah)

L73
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3. t =/ f"-\ t:7
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Formulas

. 2 @-t)'l. ;(o=>. 
"

n(zxy) - (r,X>y)

J [,(r" ) - tr'l']1"(r,') - t:,1' ]

4. a=

5. b-

"(>,

,(L*y)- (r"Xry)

(rr)(r'2)- {r4{r'r)
')-8.)'

,(>*')- {r')'

xor)'

6' sest =

7. y' t tq12 sest

,"i (7i-

n(* -r)2

">? -c8
1l+ +
n

8' 
'2g 

=

- aZy - bZxy

k-l
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-\2-x)

,2-r)

ln \2

f=t,"/-"

lIrM2r2l- 11-

z (", -r) '7

(', -',)'

n.,
- \'-z
- Z/*;i=l '= ft(.'

>(, - ,')'

g. t', =
> (", -t)

10. 4=
1

nj
t*

niI

I

2
SW

(f,.)8,,)

(f,,,)'
n

=ft'1 -ss'v/ : 
7tQ,

= fr(., - r)(r, - ,) = Prxiti -

xi -ij
11. q=

12. (") sso

(r)

(") 5sx/

13. srrl =

b-B

n-2

14.,S,Sn = r(SSr, ) = t'(SSo)

)
swtn

ssw - b,ssry,S,SE

n-2

...121-
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16. B =2.3026 I
h

e = (n - o) togs? - f, @, - t) bg,l

s2r=' f,(",)tr n-a i=l

| / r)h:r+ .- -lg I

3(a-t) [t=1 ni-r n-o)

17. Two-Way ANOVA

bn y'
v.=IIv.
'J t.. Ftt-=t' it, 'r.- 

= t i =l'2'",a

a n Y'a, -ss,, 'l' j=1,2,...rb!.i.=,!,?=t',it /'i'=1n

g Yii f i=1,2,...,o
Yii.= ,Lrrtt Yii.=; 

t j = t, 2,...,b

ab n v
,. .= 7=r,Zr}tyiir, 7...= t?

ab n , u2
SS-=2

' i=l j:Lk=I - abn

22d :.t-i y-...SS'=t'/ "'
'tL f=l bn abn

L y2.i. y2...
SSD= !' 'Y'

n j=I an abn

2)--.2)
sszn = rr Yti' ->+-, Y'i' * Y;

AD n bn an abn

urM 2121
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18. Randomized Complete Block Designs

b
!;=7.!i;, i=I,Z,...,a

J=L u

a
!.i=11Y.., i=1,2,'..,b_r t=l U

ob a

''= Fti>=rrii 
= 

P=r'''

ab , u2
.S.S- = I t v?.-'"I l-ai-=1'tJ ab

n(z(\ + n, +t)

b
= 

?="'j

..2 2a!; y:
SS, = I '''n i=l b ab

2-,
li z

SSR->''l -Y"t)aab

(x + o.s) - (" rz)
1(l

Jn l2

R_ pR
20. z=

ItR =

oR

nU, + n, +r)

oR=
I2

1,77
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n(n +t)
ws-

21,. z =

zz H=#;i[f. +. .*)-:(''nr+r)

e>.a2
23. {r =l-

"("2 - 
t)
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Appendix

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7.

0.8

0.9

1.0

1.1

t.2
1.3

1.4

1.5

t.6
1.7

1.8

1.9

2.0

2.1

2.2

2.3

L,+

2.5

2.6

2.7

2.8

2.9

3.0

.00 .06.05.04.03.02.01. .09

.0000

.0398

.0793

.1t79

.1554

.1915

.2257

.2580

.2881

.3159

.3413

.3643

.3849

.4032

.4192

.4332

.M52

.4554

.4641

.4713

.4772

,4821

.4861

.4893

.4918

.4938

.49t53

.4965

.4974

.4981

.4987

.0040

.M38

.0832

.1217

.1591

.1950

.2291

.2611

.2910

.3186

.3438

.3665

.3869

.4M9

.4207

.4345

.M63

.4564

.4&9

.4719

.4778

.4826

.4864

.4896

.4920

.4940

.4955

.4966

.4975

.4982

.4987

.0080

.o4ta
I

.0871
'.1255

.1628
!l

.rdss

.2324

.2642

.2939

.32t2

.3461

.3686

.3888

.4066

.4222

.4357

.4474

.4573

.4656

.4726

.4783

.4830

.4868

.4898

.4922

.49t41

.4956

.4967

.4976

.4982

.4987

.0.120

.0517

.0910

.1293

.r6&

.2019

.2357

.2673

.2967

.3238

.3485

.3708

.3907

.4082

.4236

.4370

.4484

.4582

.466l.

.4732

.4788

.4834

.4871

.4901

.4925

.4943

.4957

.4968

.4977

.4983

.4988

.0160

.0557

.0948

.1331

.1700

.2054

.2389

.2704

.2995

.3264

.3508

.3729

.3925

.4099

.4251

.4382

.4495

.4591

.4671

.4738

.4193

.4838

.4875

.4904

.49n

.4945

.4959

.4969

.4977

.4984

.4988

.0199

.0596

.0987

.1368

.1736

.2088

-z+zz

.2734

.3023

.3289

.3531

.3749

.3944

.4115

.4265

.4394

.4505

.4599

.4678

.4744

.4798

.4842

.4878

.4906

.4929

.4946

.4960

.4970

.4978

.4984

.4989

.4131

.4n9

.4/86

.4515

.4608

.4686

.4750

.4803

.4846

.4881

.4909

.4931

.4948

.496r

.4971

.4979

.4985

.4989

.0279

.0675

.1064

.r443

.r808

.2157

.2486

.2794

.3078

.3340

.3577

.3790

.4147

.4292

.4418

.4525

..4616
.4693

.4756

.4808

.4850

.4884

.4911

.4932

.4949

.4962

.4972

.4979

.4985

.4989

.0319

.inv

.1103

.1480

.1844

.2190

.2517

.2823

.3106

.3365

.3599

.3810

.3997

.4162

.4306

.4429

.4535

.4625

.4699

.4761

.48L2

.4854

.4887

.4913

.4934

.4951

.0359

.0753

.1141

.15t7

.1879

.2224

.2549

.2852

.3133

.3389

.362r

.3830

.4015

.4t't7

.4319

.444r

.4545

.4633

.4706

.4767

.48L7

.4857

.4890

.4916

.4936

.4952

.0239

.0636

.1026

.r406

.r772

.2123
ai<t

.2764

.3051

.3315

.3554

.3770

.3962 .3480

.4963 .496/.

.4973 .4974

.4980 t .4981

.4986 .4986

Nore; Use 0.4999 for z values above 3.09.

.!orrce.. Frcdtrick Mosteller ud Robcrt E. K. Rouke, Sturdy Sranbtcs, Table A-1 (Reading, Mils.: Addisou-Wesley, 1973).

Reprinted with pemission of the copyright ownen.

.4990 .4990
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99Vo

0.005

0.01

i
2

J
A

5

6

7

8

9

10

II
1aLL

IJ

l4
15

.Lo

II

18

1.9

20

2l
1)

z5

25
t6
27

28

1.000

.816

.765

.741

.727

,718

.711

.706

.703

.700

.697

,695

..694

.692

.691

.690

.689

.688

.688

.687

.686

.686

.685

.685

.684

.684

.684

.683

.674

3.078

1.886

1.638

1.533

t.4'16

t.440

1.415

t.397

1.383

1.372

I.JOJ

1.356

1.350

1.345

t.341

t.333

1.330

t.328
t.325

1.323

t32r
r ?10

1.318

t.316
1.315

1.314

1.313

1.287

6.3r4
2.920

2.353

2.t32
2.015

1.943

1.895

1.860

1.833

1.812

1.796

r.782

1.771

1.761

t;153

t;t46
t.740

t.729
| 1t\
t;127

t.777

1.71.4

1.7r1

1.708

1.706

1.703

1.701

1.6450

t2.706

4.303

? lR?

2.7'76

.2.571

Z.LA I

2.365

2.306
a t6')

2.228

2.201

2.t79
2.160

2.145

2.13L

2.t20
2.110

2.101

2.093

2.086

2.080

2.074

2.069

2.064

2.060

2.056

2.052

2.048

1.960

31.821

6.965

4.541

3.747

3.365

3.143

2.998

2.896

2.821

2.764

2.718

2.681

2.6s0

2.624

2.602
2.583

2.567

2.552

2.539

2.528

2.518

2.508

2.500

2.492

2.485

2.479
t a1?

2.46'.1

2.326"

63.657

9.925

5.841

4.604

4.032

3.707

3.499

J.J)J
3.250

3.169

3.106

3.055

3.012

2.977

2.947

2.92r
2.898

2.878

2.86r
2.845

2.831

2.8L9

2.807

2.797

2.787

2.779

2.711

2.763

2.576'
(z\ a

Two tails
'This value has been rcunded-to 128in the textbook'

bThis value has been rounded to 1.65 il the textbook'

"This value has been rounded to ?'33 in the textbook'

'rThis value has been rounded to ?'58 in the textbook'

Source; Adapted from W. H. Beyer, Hanibook ofTables Jor Probabilifi and Statistics'

2nd ed.. CRi Press, Boca Raron' FIa', lg86 Reprinted withpermission'

0ne tail

larea r1,",,/\. (L,,,

_-/ V- -Vrl \Lz
t-t+t
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Degrees of
freedom 0.99s 0.99

I
2

5

^

5

6--
7

8

9

10

11

l2
IJ

t4
15

16

LI

18

t9
20

ZL

4,,

.A

25

26

27

28

29

30

40

50

60
1i

80

90

100

0.010

0.072

0.207

0.4t2

0.676

0.989

t.344

r.735

2.156

2.603

3.074

3.565

4.075

4.601

5.r42
5.697

6.265

6.844

7.434

8.034

8.643

9.262

9.886

r0.520

11.160

11.808

t2.461

t3.r2r
13.787

20.707

27.99r
J).)J4
43.275

51.t72
s9.196

67.328

5.024

7.378

9.348

I 1. t43

12.833

14.449

16.013

r /.)J)
tg.o23

20.483

2r.920
25.JJ I

24.736

26.n9
27.488

28.845

30.191

31..526

32.852

34.r'70

35.479

36.781

38.076

39.364

40.646

41.923

43.194

44.461

45;722

46.979

59.342
11 4)O

83.298

95.023

106.629

1 1 8.136

t29.561

6.635

9.210

11.345

13.277

15.086

16.8r2

18.475

20.090

2r.666

23.209

24.725

26.217

n.688
29.141

30.578

32.000

33.409

34.805

36. t9t
37.566

38.932

40.289

4t.638

42.980

44.3r4

45.642

46.963

48.2'.18

49.588

50.892

63.69r

76.r54

88.379

100.425

trz.329
L24.T16

r35.807

,-i:j .:;j:l,i.::i
:. i -:i: l

7.879

10.597

12.838

14.860

16.750

18.548

20.278

21.955

23.589

25.188

26.757

28.299

29.8 r9
?l ?lo

32.801

34.267

35.7t8
37.1s6

38.582

39.997

4t.ql
42.796

44.r81

45.559

46928

48.290

49.645

50.993

JZ.JJO

53.672

66.766
'79.490

9r.952

104.215

r16.321

t28.299

r40.169

0.975 0.95 0.90 0.10 0.05 0.025 0.01 0.005

0.001

0.020 0.051

0.115 0.216

0.297 0.484

0.554 0.831

0.872 1.23'.7

1.239 1.690

r.646 2.180

2.088 2.700

2.558 3.247

3.053 3.816

3.5'71 4.404

4.107 5.009

4.660 5.629

5.229 6.262

5.812 6.908

6.408 7.564

7.015 8.231

7.633 8.907

8.260 9.591

8.897 10.283

9.542 10.982

10.196 11.689

t0.856 12.401

1.524 13.120

12.198 13.844

t2.879 14.573

13.565 15.308

14.257 16.047

14.954 L6;t9L

22.164 24.433

29.707 32.357

37.485 40.482

45.442 48.758

53.540 57.153

6r.754 65.647

70.065 74.222

0.004 0.016

0.103 0.211

0.352 0.584

0.711 L064

t.t45 1.610

1.635 2.204

2.167 2.833

2.733 3.490

3.325 4.168

3.940 4.86s

4.57 5 5.578

5.226 6.304

5.892 7.042

6.57t 7.790

7.261 8.547

7.962 9.312

8.672 10.085

9.390 10.865

10.117 11.651

10.851 12.443

11.591 13.240

12.338 14.042

13.091 14.848

13.848 15.659

14.611 16.473

15.379 17.292

16.151 l8.ll4
16.928 18.939

17.708 19.768

18.493 20.599

26.509 29.05r

34.764 37.689

43.188 46.459
< l ??o (< ?ro

60.391 64.278

69.126 73.291

77.929 82.358

2.706 3.841

4.605 5.991

6.251 7.815

7.779 9.488

9.236 rr.071

10.645 12.592

12.017 14.06'l

13.362 15.507

14.684 1.6.919

15.987 18.307

1'.1.275 19.675

18.549 21.026

19.812 22.362

2r.064 23.685

22.30'7 24.996

23.542 26.296

24.769 27.587

25.989 28.869

21.204 30.144

28.412 31.410

29.615 32.67 L

30.813 33.924

32.007 35.172

33.196 36.415

34.382 3'.1.652

35.563 38.885

36.741 40.113

37.916 41.337

39.087 42.557

40.256 43.773

51.805 55.758

63.167 67.s0s

74.397 '19.082

85.527 90.531

%.578 101.879

107.565 113.145

118.498 124.342

Soarce.. Donald B. Owen, Handbook of Statistics Tables, The Chi-square Distnbution Table. @ 1962 by Addison-Wesley

Publishing Company, Inc. Copyright rcnewal @ 1990. Reprinted by pemission of Pearson Education' Inc.

181 ... 1 8/-



urM2r2l-18-

s EgEBUHSHUBSSBEG;ie;EdS=6s--aqr@N -

= 

E; Ie--! o "

I
I

tl

Fz

d

?

N

5

q

a

{

6

€

u

q

p

p

5

a

N

6

!,

!.,)

o

p

6

l^

N

{

it

{

€

:j

6

-:

N

{J

N

{

6

!.)

N

{

N

6

{

i,

N

N

N

€

€{

{
6

{

{

!

{

{

o

6

;

{
N

{

{

{

6

6

{

6

^

{

L

{

i,

N{

!n

{

{

N

6

o

{

6

@

!

N

p

E

N{

N
6

N

N

N

A

{€

{

i^

.

N
t{̂

bo

-N

N

N

{
bo

N

{

b€

N

!'J

N
o\

N

i,

b

\

o

B

€

p

p
-5

N
6

6

:^

-o

N

i,
€

-'5

N

€

5

€

€

@

5

L

t

*

iF

i

b\

J
N

in

{

{

tr

b

I

o

io

6

ir

{

A

!

!

€
N

i

6

6

{

{

NNPPNNNNNUOilisiiiritiioio:ir
-oEu-€E{6-6

N

{

J

6

{

J

o

N

€

6

.N

{

i,o

I

i')

N

N

N

€

P

ii€

5

N

t,

8

N

N

{

{

6

N

;J

N

{

6

I

{

5

N

N

{

i,

N

in

{

{

b
N

N

!r)

N

'6

p

b\

N

I

ii

N

N

p

{

p

{
-

I

N

N
6

b.

{

5

!,

{

{

{

N

N

i!

i

i,

i,

N

nr

N
N

NNNN
OA6€-NNNou€o6s9u

t

t!

ii

:

N

N

N
6

N
b

N

ir

b\

{

A

N

N{

N
A

!.)

u

N

6

u

'5

N

N{

6

N

p

!.)

55UU!@N9
i!i^i-iobio:i,o5EU@€5N$

...r91-

L82



lrrM2r2l- 19-

,8 E g t I B ts \ H u ! $ is ! B G;:;;;; s r 5 o e { 6 e 5 u p -
c ?=
g dq i
='5H 

p
3; s"

€
p

6

5

{

i^

:

o

o
6

6

I
u u d@o o u uuaqe | | f t llili 9,sFF S FS

!H:bibE ;;SHBgbesss;EBGs$E8s J$aesB

{

i')o

90

{

{

A

6 6 :J J r iJ J J r r J J J ee eo e' p' eo eo e' e' I I f F i i F q n : E E E

6H;!HdEsiisss s 5;tsssbssssRBHudHBEs

H

$EHHiig :i:$$!t iaiSi$HEiiESid;;g 3H"

6t,

,$

- !.J u N F pr., 1, 1., !u r.r !., te t 11 ! I!,l{ p P !, !' } t }t 9.- F H€ €
Estsh ggb$$d itbsBbs;x$9ESE!=e abssea

s

;s:Ei$uuu55i;EHUEH:$;U3ii;$AiigEX"
,3

- - ta Ie P P !r !.i u tr P tr p N !'r l'r P !, P l' l' l' l' ? t I 11 il I P E F F 9
issBb: htss sb$S;rsE6!u g;sdsB€dsr3t

s
- - - lJ N N lJ le N rJ N p N N !r N N P !, !' !t !' !' t' i t lj !j S g F 5 F 5
i,' s ,e : ia l; ; [ + s s i" i,' b b r c" b i? ; \ $ b 3 = 

g ; I E l3 ; : t66E--!O-SU€+@seo

s
t! p N N rJ rJ N N !J P P !' !i I !', l' i I I 9 s e F B F 6

I a^ a" 5 l" I i.] iJ ; i, i ! i. i, in b. { a. iD b : H k ; I * I S I ts S H S5AEF:66666cOOu-{

s
N fJ N N rr re N rJ P Ir !'') !') l' P r'' !"' :' :' !' !' | | i q I e i: H F 

g

I s; s :i : ts i: \ ! 3 5a$ ss;rsb uhe853is=B s€
a

- - : : !'J !s u P l.J 1. P N N F N !i !e !'r 1, !'r t' I I !' P + | !" t E H € 3
E s b=eE h -E = Y H !a F 55U5i5 8r H8s!eass eE B

{

{

p

6

i.r

:r

N{
{

{
o

i!

N

!

N{

N

{

{

€{

o

{

i.)

{

{

rJ

o

{

N

a

:

!

a

t

a

NI

66

i,

I

b

{

{

!

N

!

!

i
6

{

{

 

P
I

€

6

{:

6

6

bo

l

€6

{

6

€

{

{

!,

6

N

p

l9

I

t,

tr

6

{

{

i,

{

!\.)

{

io

N
il

f.,

N

){

N

{

!

P
8

N

p

tr

il

Fz

m

6
o

q

...20t-

183



urM2t2l

Er3-
: s? es--l c "

-20 -

e EggBsssButstsssBc;ra;;;F=6ocrdqruN-

F
bo

{
ii

I

bo

J

N

N

i,

+

o

N

b
N

o

6

€

€

'6

{

J

{

6

{
-
NI

N

N

!,

io

{

o!

bo
N

-

i^

!

{

N

io

{

{

6{

in

6€

6

!

N

{

{
N

N

N

s

6{

.N

A

6

6

ii

A

!,

{

{

in

{

{

5

N

;

p

N

N
99

N{

iJ

{

5

N€

b

6

N

!.J

6

N{

{

N

€

!.)

6

N
6

I

i.)

;
6

N

I

N

N{

N

io

ii

6

N

{

N

N

io

!,

!,{

b

N

N

b.

{

6

N

N

N

N

!{

6

N
L
6

N

p

{

p

p

N{

N

!.,

N

{o

N

N

N

N

d

{

N

!.J

{

i!

!,

€

N

N

N{

b,

P

!.)

I

p

N

!.)

i!

6

N

N
6

bo
N

Ni

N
i.r

i.,

!.)

N

p

N

N

N

N

q

N
N

i'J

ie

6

{

N
I

N

p

p

{

ir

b

!

N
6

N

N

N

N

!..,

N

P

i.)

o

N

A

N

Ni

tr

!.)

N

N

F'

nJ

N{

N

N

N

b

b.

bo

N

P

N

N

6

€

1.,

P

t)

P

a

{

:$[HU6Ht66S$$$HgEi;;i ili;aH[$6iEF:s

tl

N

!rz

F

€

N

6{

o
g

{

{

--EN N N N N N p N p |, !"' f'' i-' lu ir P N N N u u u o a !' I 9' a G =I b s F H E : ; ; 
= 

! F I I U i!'de s E i: r k ; !H b irs s h s e

--EN N F N p N qr !e P !'r P P P P P P N N N au o o 5!' I 9t f p 6
bb iEE HH I E ; ;;! U ubs'i s gb* saHsEsg; : Fi

- - - N N N p N N N N f, !e !"' P l't !') !') !" !' !' l' !' i f O f ! S 3

ts [ $ BEks E H i?H =i a s sbb hbe J s8ts's ;Hts H€a

N

[5sSeeEEssEFH: :E$[HXUXiE:g$ggAEgg:
_u3

E!s6SEht;bsFqEFE::il[EUESEHil6:A$fi gE-

...21t-
184



[IrM2t2]

€ t,f,' r
+ g'fi !jD--l o "

-2t-

e ts8533H!HSXBSPS;;5;;l6E=5qos6uau N-

ll

Fz

d

'd

5

a

N

I

-6
t^5

3tn

N

l!
6\-

i,r b\

9|

irb

L, i,

N

bio

-:-

99

j

Ilo

€-'Al

!ir

N

A;'

!

{

66

o

9E

{

I

J{

!

{

6

6
6

!i
€

!{
.--

{

u

6

iJ

\9

i

i,

{

J

{

t

.N

s

b

b.

I

5

N

li

6

!,

i

o

I

6

N

!

{

6

l,

b

a

P

{{

!..,

N

o
6

6

s

o

€

i

t)

N

!

!.)

!^

J

f.,

!,

b

aD

I.J

6

P

!..i

q

P{{

!..,6{

N
6

!\.'

!.J

N
i,

{o

{

6

!'J

l.'
I

f.,

!i

N

io

6

!!

b6

N{

{

o

P

|\.)

!.)

iJ

ls

i'r

t,

!.,

:

N

N

N
6

!')

€

t)

€

l

b

N

!')

{

a

L)

P

P

6

6
6

IJ

N

;

1.,

o

€

{

N

N

P

N

I

!,

:

6

!.J

!.r

p

!.,

p

?

€

€

io

:

!.,

o

{

!J

N

t,

iD

!

!.,)

N
6

p

i.)

N

^

io

i,o

-

N

IJ

b

6

t-

!'J

!

N

P

b

:-

.o

io

6

6

6

€

€

E

6

N

N

b

J.)

€
6

I

{

{

N

A

€

€

bo

!

ir

o

i

t,
6

!.)

ir

P

io

ar

1.,

o

!.)

it

io

{

!,

!')

{

in

N

p

6

!.r
I

N

a

ia

!

b'

N

|.)

P

NI

{

il

6

t,

{

N

0

I

a

.P

l.J

!.)

t'.){

!.)

b

iD

P

!

-

!r

l9
-J

N

p

ir{

o

€

-i:-i-::--r-*-tJstoptJNPN!J
E u g9s fl sse ! d d ;! r*skes;ri 353: 3

185



Sotute: From BionretrikaTablesfor Stltisticians' vol. I (1962)' p l38

Reprinted with permission.

urM2r2l

Reject the null hypothesis if the smaller number of positive

or negative signs is less than or equal to the value in

the tabie.

n

One-tailed,
a = 0.005 a = 0.01 a = 0.025 a = 0.05

Two-tailed,
a=0.01 - a = 0.05 c = 0.10d = 0.02

8

9

10

l1

12

l3
11.

l)
16

tt

l8
l9

20

ZL

22

z)
al

25

0

0

0

0

1

I
1

2

2

2

3

4

4
A

)
)

0

0

0

I
1

1

2

2

2

J

4

4
/
5

f

5

6

0

I
I
I
2

2

3

J

3
A

^

4

)
J

5

6

6

6

1

I
I
2

L

3

J

A

A

5

5

5

6

6

7

7

7

rVole.'Table J is for one-tailed or two+ailed tests. The term n represents the total

number of positive and negative signs The test value is the number of less

frequent signs.

Source: From Joumal of Americu Stutistical Association, vol. 4 I ( 1946)'

po. 557-66. W. J. Dixon and A. M. Mood.

-22-

@, crrtic@iiljgiiI1l c-i'i1i,.'..,... ;,.' 
:'..;; i,

Reject.F/o: p = 0 if the absolute value of r is greater than

the value, given in the table. The values are for a two-tailed

testr d.f. -- n - 2.

d.f a = 0.01

I

2

3

I

5

o
,7

9

10

ll
T2

1.3

T4

15

lo
t1
l8
t9
20

2)
JU

35

40

45

)U

60
1n

80

90

100

0.999

0.950

0.878

0.811
n154

0.707

0.666

0.632.

0.602

0.576

U.))J

0.532

0.514

0.497

0.482

0.468

0.456

0.444
o 1?'?,

0.423

0.381

0.349
n ?r5

0.304

0.288

0.273

0..254

0.232

0.217

0.205

0.195

0.999
n ooo

0.959

0.917

0.875

0.834

0.798

0.765

0.735

0.708

0.684

0.661

0.641

0.623

0.606

0.590

u.) /)
0.561

0.549

0.537

0.487

4.449

0.418

0.393

0.372

0.354

0.325

0.302-

0.283

0.267

0.254

186
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-23 -

,t

One-tailed,
c = 0.05 a = 0.025 .a = 0.01 a = 0.005

Two-tailed,
a = 0.10 a = 0.05 a = 0.02 a = 0.01

5

7

8

9

l0
11

I2
IJ

14

15

t6
17

r8

i9
20

21

22

aA

25

26

27

28

29

JU

i
a

A

6

8

ll
t4
11

21

26

30

36

41

47

54

60

68
'15

83

92

101

1i0
120

130

r4l
152

1

a

+

6

8

11

l4
\l

2l
25

30

35

40

46

52

59

66

t5

UI

90

98

t07

n7
r27

IJ I

0

2

5

7

i0
13

tb
20

)L

28

33

38

43

49

56

62

69

77

6)

93

r02
111

r20

0

2

5

'7

10

13

t6

19

28

32

5'

45

49

55

61

68
'76

84

92

100

r09

Sorrrce; From Sonre Raltid A1>proximate Slansdcal Prpcedrffis, CoPydgbt 1949,

1964 Lerderle Labomtorjes, American Cyanamid Co., wayne. N.J. RePrinted

with permission.

Sorme: From N. L. Johnson and F. C. Leone..Statistical and Experintertal

DesiSn, vol. I (1964), p. 412. Reprinted with permission from the lnstitute of

Mathematical Statistics.

5

6

7

8

9

10

11

12

13

t4

15

16

t'l
l8
19

20

21

22

z3
.A

25

26

27

28

to

30

0.900

0.829

o314

0.643

0.600

0.564

0.536

0.497

0.475

0.457

0.Ml
0.425

0.4r2
0.399

0.388

0.377

0.368

0.359

0.351

0.343

0.336

0.329

0.323

0.317

0.311

0.305

[JrM 212]

0.943

0.893

0.833

0.783

0;745

0.709

0.703

0.673

0.646

0.623

0.601

n <R,

0.564

0.549

0.534

0.521

0.508

0.496

0.485

0.415

0.465

0.456

0.488

0.440

0.432

4 = 0.01

olzg
0.881

0.833

0.794

0.818

0.780

0.745

0.716

0.689

0.666

0.645

0.62s

0.608

0.591

0.576

0.562

0.549

0.537

0.526

0.515

0.505

0.496

0.487

0.478

0.886

0.786

0.738

0.700

0.648

0.618

0.591

0.566

0.545
n {?5

0.507

0.490

0.476

0.462

0.450

0.438

0.428

0.418

0.409

0.400

0392
0.385

0.377

0.370

0.364
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Critical Values for the Number of Runs

Tlris table _eives the critical values at ot : 0.05 tbr a two-tailed test. Reject the null hypothesis if the number of ruus is less than

or equal to the smaller vahte or greater than or equal to the larger vah"re'

Value of n,

Value
of rt, 20191817t615l413t21110

t0

1l
66
1l
68
II
68
t1
68
T2
68
t2
68
t.2
68
t2
68
.I 2

68
t2
68
22
68
22
68
22
68
23
68
:)
68
23
68
:-)
68

68
:J

68

I

6

I

8

I

9

9
a

9

t;
3

IU

3

l0

l0
3

t0
3

l0
J

l0
3

l0
J

t0
A

l0
4

t0
/l

ln
4

l0
.4

l0

I

6

8

t0
J

II
3

1.2

3

t3
.4

l3
A

L4

5

t4
5

t4
5

t4
5

t5

5

t5

6

l5
6

l6
6

l6
6

l6
6

t6
6

l6

1l

66
r2
88
22
99

10 i0
33

.t0 1l

JJ

il12
33

,ll 12
a4J+
t2 13

atJ+
t2 13

44

44
II IJ
tll

t2 14

^<
ta ltlLL TA

ta |,1

12 t4

t2 14

55
t2 14

56
t2 14

56
t2 14

11
66
22
88
33
r0 r0

33
ll 12

12 13

44
13 14

14 t4
55
11 15

55
15 16

56
15 16

66
t6 16

66
16 11

67
16 I'l
67
16 18

67
t7 18
-1 

7

t7 18

78
t'7 18

78
t7 18

78
r'7 t8

fl11)1

6+6666
111223
888888
{{f-TJJ

r0 r0 r0 10 10 l0
344444

t2 12 12 12 12 12

444555
13 13 13 14 14 14

555556
14 14 t4 15 15 15

556666
15 t5 16 16 16 16

s66677
16 16 16 17 11 18

6677'77
t6 r7 17 18 t8 18

6'l't788
t7 t7 t8 19 19 19

777888
r7 18 19 t9 20 20

778899
18 19 19 20 20 2l
788999
18 19 20 20 21 22

7 8 8 9 9 l0
18 - t9- 20 2r ?2 22

8 8 9 9 l0 I0

t9 20 2t 2t 22 23

8 9 9--10 l0 lt
19 20 21 22 23 23

8 9 9 10 I0 ll
19 20 21 22' ?3 24

8 9 l0 l0 ll tl
20 2t 22 23 23 24

9 9 r0 l0 ll t2

2A 21 2? 23 24 25

22222
6666'6
33333
88888
14444

r0 l0 10 10 l0
41555

t2 t2 t2 t2 12

5 5 5 6 .6
t4 1.4 14 14 14

66666
16 16 16 16 '16

67777
t"7 t7 I7 1,7 r7

71888
t8 18 t8 18 18

88889
19 19 19 20 20

89999
20 20 20 2t 2i
9991010

21 2t 2t 22 22

9r0r0t0l0
2t 22 22 23 23

l0 l0 r0 ll ll
22 23 23 23 24

l0nllll12
23 23 24 24 .25
lr u il 12 t2

23 24 25 25 25

uil12 1.2 13

21 25 25 26 26

ll t2 t2 13 13

25 25 26 26 27

t2 12 13 13 13

15 26 26 27 27

12 13 t3 13 I'l
2s 26 27 27 .28

t7

l3

t4

r5

1.6

l8

t9

?0

Srrrrl.srlc's. -lLd ed. (I989). bv IVnrio F Triola. this table appelrs
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