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Please ensure that this examination paper contains TWENTY SIX printed pages before 
you begin the examination. 
 
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. 
 
In the event of any discrepancies, the English version shall be used. 
 
 
[Sila pastikan bahawa kertas peperiksaan ini mengandungi DUA PULUH ENAM muka 
surat yang bercetak sebelum anda memulakan peperiksaan ini. 
 
Jawab SEMUA soalan. Anda dibenarkan menjawab sama ada dalam Bahasa Malaysia 
atau Bahasa Inggerís. 
 
Baca arahan dengan teliti sebelum anda menjawab soalan. 
  
Setiap soalan diperuntukkan 100 markah. 
 
Sekiranya terdapat sebarang percanggahan pada soalan peperiksaan, versi Bahasa 
Inggeris hendaklah digunapakai.] 
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1. A company employs three job cost engineers.  They have to estimate the cost of 

four jobs. The company wanted to compare the mean level of the engineers’ 
estimates on the same four jobs.  The data (in hundreds of thousands of RM) are 
shown in the table below.     
 

  

Job 

Treatment 

Means  

(A) 

l              ll          lll           lV  

                       X  

 

Engineer        Y 

 

                       Z 

 4.6        6.2        5.0        6.6   

 

 4.9        6.3        5.4        6.8  

 

 4.4        5.9        5.4        6.3   

5.60 

 

5.85 

 

5.50 

 

Block Means (B) 

 

4.63      6.13      5.27      6.57 

 

 
                                        7.21,   0.26,   6.763T A BSS SS SS= = =  
 
(a)  Construct an ANOVA table for the data. 

(40 marks) 
 

(b) Using 0.05α = , test to determine whether there is sufficient evidence to 
indicate differences among 

 
(i) treatment means, 
 

             (ii)   block means. 
(60 marks) 
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2.   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 I Teller II Teller III Teller IV 

20 18 13 18 
26 16 17 24 
21 13 13 26 
19 21 14 21 
24 14 16 19 
 11 14  

1
2
1

22
8.5

x
s
=

=
 2

2
2

15.5
13.1

x
s

=

=
 3

2
3

14.5

2.7

x
s

=

=
 4

2
4

21.6
11.3

x
s

=

=
 

18.091GMX =  
 
 By using 0.05α = , 
 
 (a) Test for homogeneity of variances.   

(40 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) 
 

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

(30 marks) 
 

3.   Information on income, x (RM), and food expenditures, y (RM), for the past 
month was collected from a sample of seven households. The information 
obtained is given below. 

 

                     

21,200         6, 400
8,014,285.71
2,117,142.86

608,571.43

x y
SSxx
SSxy
SSyy

= =∑ ∑
=

=

=
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(a)  Compute the value of the correlation coefficient. 
(20 marks) 

 
(b) Test the significance of the correlation coefficient equal to 0 at α = 0.05. 

(20 marks) 
 

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

 
(d) Test at α = 0.01 whether the slope of the regression line is positive. 

(20 marks) 
 

(e) Find a 99% prediction interval for the predicted food expenditure for a 
randomly selected household with a monthly income of RM3,500. 

(20 marks) 
 
 

4. (a)   Give brief descriptions of the following terms: 
 

(i) Experimental design 
(ii) Completely randomized design 
(iii) Latin square design. 
(iv) Nonparametric statistics 
(v) Two-way analysis of variance 

(40 marks) 
 

(b)   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 with 0.05α = . 

 
 Diet 

Exercise program A B 
I 66, 64, 62 62, 58, 53 
II 72, 68, 65 91, 85, 83 

 
  Below is the ANOVA table. 
 

Source SS d.f. MS F 
Exercise 816.750 ? ? ? 

Diet 102.083 ? ? ? 

Interaction 444.083 ? ? ? 

Within ? ? ?  

Total 1470.916 ?   
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(i) What are the names of the two variables? 
(ii) How many levels does each variable contain? 
(iii) Complete the ANOVA table. 
(iv) State the hypotheses for the study. 
(v) What are your conclusions for the study? 

(60 marks) 
 
 

5.   (a)   (i)   Explain briefly the difference between fixed effects model and 
 random effects model in the one-way analysis of variance. 
(ii)   Give the hypothesis of random effects model in the one-way 

analysis of variance. 
(20 marks) 

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

and clarity, with 1 being the highest ranking.  At 0.05α = , is there a 
relationship between the rankings? 

 
Music Videos 1 2 3 4 5 6 7 8 
Teenagers 4 6 2 8 1 7 3 5 
Parents 1 7 5 4 3 8 2 6 

 
(40 marks) 

 
(c)   A researcher wishes to determine if the number of viewers for 10 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 at 0.01.α =  

 
Show 1 2 3 4 5 6 7 8 9 10 
Last year 21.0 19.2 28.9 26.4 20.8 25.0 15.3 16.8 18.8 13.7 
This year 18.9 17.8 26.6 20.5 20.8 19.1 15.8 16.0 16.7 16.8 

 
(40 marks) 
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1.    Sebuah syarikat menggaji tiga orang jurutera penilai kos pekerjaan.  Mereka perlu 

menganggar kos empat jenis pekerjaan.  Syarikat tersebut ingin membandingkan 
min paras anggaran yang dibuat oleh jurutera-jurutera tersebut ke atas keempat-
empat pekerjaan itu.  Data (dalam ribu RM) ditunjukkan di bawah.   
 

  

Pekerjaan 

Min 

Olahan 

(A) 

l              ll          lll           lV  

                       X  

 

Jurutera          Y 

 

                       Z 

4.6        6.2        5.0        6.6   

 

 4.9        6.3        5.4        6.8  

 

 4.4        5.9        5.4        6.3   

5.60 

 

5.85 

 

5.50 

 

Min Blok      (B) 

 

4.63      6.13      5.27      6.57 

 

 
                                        7.21,   0.26,   6.763T A BSS SS SS= = =  

 
(a)  Bina jadual ANOVA bagi data ini.   

(40 markah) 
 
 (b) Dengan menggunakan 0.05α = , uji sama ada terdapat cukup bukti yang 

menunjukkan terdapat perbezaan antara, 
    
  (i)   min olahan. 

 
             (ii)   min blok. 

(60 markah) 
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2.    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 memerhati 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 I Juruwang II Juruwang III Juruwang IV 

20 18 13 18 
26 16 17 24 
21 13 13 26 
19 21 14 21 
24 14 16 19 
 11 14  

1
2
1

22
8.5

x
s
=

=
 2

2
2

15.5
13.1

x
s

=

=
 3

2
3

14.5

2.7

x
s

=

=
 4

2
4

21.6
11.3

x
s

=

=
 

18.091GMX =  
 
 Pada 0.05α = , 
 

(a)  Jalankan ujian kesamaan varians.  
(40 markah) 

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

empat juruwang per jam adalah sama.  
(30 markah) 

 
(c) Jika hipotesis nol ditolak, jalankan ujian berpasangan untuk min bilangan 

pelanggan yang dilayan.  
(30 markah) 

 

3.    Sampel mengenai pendapatan, x (RM), dan perbelanjaan makanan, y (RM), untuk 
sebulan diambil dari tujuh isi rumah. Maklumat yang diperolehi diberikan di 
bawah.  

 

                        

21,200         6, 400
8,014,285.71
2,117,142.86
608,571.43

xx

xy

yy

x y
SS
SS
SS

= =

=
=

=

∑ ∑
 

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

 (b) Ujikan keertian pekali korelasi sama dengan 0 pada α = 0.05. 
(20 markah) 
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 (c) Dapatkan persamaan garis regresi.  
(20 markah) 

 
 (d) Uji pada α = 0.01 sama ada kecerunan garis regresi adalah positif. 

 (20 markah) 
 

(e) Dapatkan selang ramalan 99% bagi perbelanjaan makanan untuk isi rumah 
berpendapatan bulanan sebanyak RM3,500 yang dipilih secara rawak.  

(20 markah) 
 
 

4.  (a)    Berikan penerangan ringkas bagi istilah-istilah yang berikut: 
 

(i) Rekabentuk ujikaji.            
(ii) Rekabentuk rawak lengkap.   
(iii) Rekabentuk segiempat sama Latin.   
(iv) Statistik tak berparameter. 
(v) Analisis varians dua-hala.  

(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 

0.05α = .   
 

 Diet 
Program senaman A B 

I 66, 64, 62 62, 58, 53 
II 72, 68, 65 91, 85, 83 

 
Di bawah adalah jadual ANOVA. 

 
Sumber SS d.k. MS F 

Senaman 816.750 ? ? ? 

Diet 102.083 ? ? ? 

Interraksi 444.083 ? ? ? 

Ralat ? ? ?  

Jumlah 1470.916 ?   
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(i) Apakah nama dua pembolehubah tersebut?  
(ii) Berapakah paras bagi setiap pembolehubah?  
(iii) Lengkapkan jadual ANOVA. 
(iv) Nyatakan hipotesis-hipotesis kajian. 
(v) Apakah kesimpulan-kesimpulan anda? 

 (60 markah) 
 
 

5.   (a)   (i)   Terangkan secara ringkas perbezaan antara  model kesan tetap dan 
model kesan rawak dalam analisis varians sehala.    

(ii)   Berikan hipotesis bagi model kesan rawak dalam analisis varians 
sehala.    

 (20 markah) 
 

(b)   Lapan video muzik dinilai dari segi gaya dan kejelasan oleh remaja dan 
ibubapa mereka, dengan 1 sebagai pangkat yang tertinggi.  Pada 0.05α = , 
adakah perkaitan di antara kedua-dua pangkat tersebut?  

 
Video Muzik 1 2 3 4 5 6 7 8 
Remaja 4 6 2 8 1 7 3 5 
Ibubapa 1 7 5 4 3 8 2 6 

 
(40 markah) 

 
(c)   Seorang penyelidik ingin menentukan sama ada 10 rancangan  televisyen 

yang masih disiar 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 0.01.α =  

 
Rancangan 1 2 3 4 5 6 7 8 9 10 
Tahun lepas 21.0 19.2 28.9 26.4 20.8 25.0 15.3 16.8 18.8 13.7 
Tahun ini 18.9 17.8 26.6 20.5 20.8 19.1 15.8 16.0 16.7 16.8 

 
(40 markah) 
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FORMULAS 
 

( )

( ) ( )( )
( ) ( ) ( ) ( )

( )( ) ( )( )
( ) ( )

( ) ( )( )
( ) ( )

( )

2
2

2 22 2

2

2

22

22

2

2

/ 2 2

1.     

2.    
 

23.     
1

4.    

5.    

 
6.    

2

17.    '      1    

est

est

O E
E

n xy x y
r

n x x n y y

nt r
r

y x x xy
a

n x x

n xy x y
b

n x x

y a y b xy
s

n

n x x
y t s

n n x x

−
=

−
=

   − −      

−
=

−

−
=

−

−
=

−

− −
=

−

−
± + +

−

∑

∑ ∑ ∑
∑ ∑ ∑ ∑

∑ ∑ ∑ ∑
∑ ∑

∑ ∑ ∑
∑ ∑

∑ ∑ ∑

∑
a

χ

( )

( )

( )
( )

( )

2

2

2

2
2

 

2

2

   
8.         

1

 1  
9.     

 1

10.          
1 1  

i i GM
B

i i
W

i

i j
s

W
i j

n x X
s

k

n s
s

n

x x
F

s
n n

−
=

−

−
=

−

−
=

 
+  

 

∑

∑

∑
∑
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( ) ( )

( ) ( )

( ) ( )( )

2

2

2 12

1 1

2

2 12

1 1

1 1

1 1

    
 11.      

  /

12.     

         

         

13.  

i j

W

n

in n
i

xx i i
i i

n

in n
i

yy i i
i i

n n

i in n
i i

xy i i i i
i i

e

x x
q

s n

x
a SS x x x

n

y
b SS y y y

n

x y
c SS x x y y x y

n

s

=

= =

=

= =

= =

= =

−
=

 
 
 = − = −

 
 
 = − = −

  
  
  = − − = −

∑
∑ ∑

∑
∑ ∑

∑ ∑
∑ ∑

( )

( ) ( )

2

2

 
2 2 2

14.  

15.  
/

yy xy
st

xy xx

est xx

SS bSSy y SSE
n n n

SSR B SS B SS

b Bt
s SS

′ −−
= = =

− − −

= =

−
=

∑

 

 

( ) ( )

( )

( )

2 2

1

2 2

1

1

16.  2.3026 

       log    1  log

1        1  

1 1 1      1      
3 1 1

a

p i i
i

a

p i i
i

a

i i

QB
h

Q n a S n s

S n s
n a

h
a n n a

=

=

=

=

= − − −

= −
−

 
= + − − − − 

∑

∑

∑
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..
.. ..

1 1

. .
. . . .

1 1

.
1

17.  Two-Way ANOVA

                                     1, 2,...,

                                   j 1, 2,...,

              

b n
i

i ijk i
j k

a n
j

j ijk j
i k

n

ij ijk
k

y
y y y i a

bn
y

y y y b
an

y y

= =

= =

=

= = =

= = =

=

∑∑

∑∑

∑ .
.

...
... ...

1 1 1

2
...2

1 1 1

2 2
.. ...

1

 1, 2,...,
                           

 j 1, 2,...,

                   

      

                 

ij
ij

a b n

ijk
i j k

a b n

ijkT
i j k

a
i

A
i

y i a
y

bn
y

y y y
abn

ySS y
abn

y ySS
bn abn

= = =

= = =

=

=
=  =

= =

= -

= -

∑∑∑

∑∑∑

∑
2 2

. . ...

1

2 22 2
. . ... ...

                   

       

      

b
j

B
j

ij ji
AB

y ySS
an abn

y yy y
SS

n bn an abn

=

= -

= --  +

∑

∑∑ ∑ ∑
 

 

.
1

.
1

.. . .
1 1 1 1

2
2 ..

1 1

18.  Randomized Complete Block Designs

         ,     1, 2,...,

          ,     1, 2,...,

        

        

        

b

i ij
j

a

j
i ij

a b a b

ij i j
i j i j

a b

T ij
i j

y y i a

y y j b

y y y y

y
SS y

ab

S

=

=

= = = =

= =

= =

= =

= = =

= −

∑

∑
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∑∑

2 2
. ..

1

2 2
. ..        

a
i

A
i

j
B

y y
S

b ab

y y
SS

a ab

=

= −

= −

∑

∑
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( )

( )( )

( ) ( )

( )

22 2
1 2

1 2

2

2

1
421.   

1 2 1
24
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1

6
23.   1

1

s

k

k

s

n n
w

z
n n n

RR RH N
N N n n n

d
r

n n

+
−

=
+ +

 
= + + + − + +  

= −
−

∑

  

 
 
 
 

( ) ( )

( )

( )

1 1 2

1 2 1 2

0.5 / 2
19.   

/ 2

20.   

       
1
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1
       

12

R

R

R

R

X n
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n

Rz

n n n

n n n n

+ −
=

−
=
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=
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=
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