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Please check that this examination paper consists of EIGHTEEN (18) pages of
printed material before you begin the examination.

[Sila pastikan bahawa kertas peperiksaan ini mengandungi LAPAN BELAS (18)
muka surat yang bercetak sebelum anda memulakan peperiksaan ini].

Instructions : Answer ALL questions.
[Arahan : Jawab SEMUA soalan].
In the event of any discrepancies, the English version shall be used.

[Sekiranya terdapat sebarang percanggahan pada soalan peperiksaan, versi Bahasa
Inggeris hendaklah digunapakai].
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It is suspected that the lives (in weeks) of the three brand of light bulbs

(Brand 1, 2, 3) are different. Five randomly selected light bulbs of each brand
are tested. The following is the ANOVA table:

Source SS df MS P-value
Brand 1196.13 | ? ? ?

Error ? ? 15.60

Total ? ?

(a). Complete the ANOVA table. You can use bounds on the P-values.

(25 marks)

(b). Given y, =952, y, =79.4 and y, =100.4. Construct a 99 percent interval

estimate on the mean difference in the life of the light bulbs between brand
2 and brand 3.

(c). Which brand would you select for use and why?

(25 marks)

(25 marks)

(d). If the manufacturer will replace without charge any life bulb that fails in less

than 85 weeks, what percentage would the company expect to replace?

Refer to Question 1.

(25 marks)

(a). If we wish to detect a maximum difference in the mean life of the light

bulbs of 10 hours with a probability of at least 0.90, what sample size

should be used? What would you use as a preliminary estimate of ¢>?

(50 marks)
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If the difference between brands is great enough so that the standard

deviation of an observation is increased by 25 percent, what sample size

should be used if we wish to detect this with a probability of at least 0.907?

(50 marks)

3. A completely randomized experiment is used to investigate the tensile strength

of a fiber that is usually affected by the percentage of cotton used in the fiber.

He uses five levels of cotton content and replicated the experiment five times.

The data are shown in the following table.

(b).

(d).

Cotton
Weight
Percentage Observations

15 7 7 15 11 9
20 12 17 12 18 18
25 14 19 19 18 18
30 19 25 22 19 23
35 7 10 11 15 11

Write down the effects model for this experiment and the assumptions.

What are the relevant hypotheses of interest?

(10 marks)

(10 marks)

Is there evidence to support the claim that cotton content affects the mean

tensile strength? Use a = 0.05.

(40 marks)

Use the Fisher LSD method to make comparisons between the pairs of

means. What conclusions can you draw?

(40 marks)
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4. An experiment was run in a plant in an effort to increase yield. Five factors, each

at two levels, were studied. The factors were A = aperture setting,

B = exposure time, C = development, D = mask dimension, and E = etch time.

The unreplicated 2° design shown below was run.

(a).

(b).

(d).

M= 7 d= 8 e= 8 de= 6
a= 9 ad= 10 ae= 12 ade= 10
b= 34 bd= 32 be= 35 bde= 30

ab= 55 abd= 50 abe= 52 abde 53

c= 16 cd= 18 <ce= 15 «cde= 15
ac= 20 acd= 21 ace= 22 acde= 20
bc= 40 bcd= 44 bce= 45 bcde= 41
abc 60 abcd 61 abce 65 abcde 63

Explain why an ANOVA cannot be run using the full model. How would you
determine the main effects and their interactions that should be included in
the model?

(20 marks)

Suppose you find that effects A, B, C, and the AB interaction appear to be
large. Conduct an analysis of variance to confirm these findings.
(40 marks)

Write down the regression model relating yield to the significant process
variables.
(20 marks)

Interpret any significant interactions. What are your recommendations
regarding process operating conditions?
(20 marks)
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1. Adalah disyaki bahawa masa hayat (dalam minggu) tiga jenama mentol lampu

(jenama 1, 2, 3) adalah berbeza. Lima biji mentol lampu dipilih secara rawak

daripada setiap jenama untuk diuji. Berikut ialah jadual ANOVAnya.

Sumber SS df MS Nilai-P
Jenama 1196.13 | ? ? ?
Ralat ? ? 15.60

Jumlah ? ?

(a).

(b).

(c).

(d).

Lengkapkan jadual ANOVA ini. Anda boleh gunakan had ke atas nilai-P.
(25 markah)

Diberi y, =952, y, =79.4 dan y, =100.4. Binakan anggaran selang 99

peratus bagi perbezaan purata masa hayat mentol lampu di antara
jenama 2 dan jenama 3.
(25 markah)

Jenama manakah yang akan anda pilih dan kenapa?
(25 markah)

Sekiranya pengusaha tersebut akan menggantikan tanpa bayaran bagi
sebarang mentol lampu yang tidak berfungsi di dalam masa kurang
daripada 85 minggu, berapakah peratusan mentol lampu yang syarikat
tersebut dijangka akan mengganti?

(25 markah)

2. Rujuk soalan 1.

(a).

Jika kita ingin mengesan perbezaan maksimum masa hayat mentol lampu
sebanyak 10 jam dengan kebarangkalian sekurang-kurangnya 0.90,

berapa besarkah saiz sampel yang patut digunakan? Apakah yang akan

anda gunakan sebagai anggaran permulaan bagi o ?
(50 markah)
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Jika perbezaan di antara jenama cukup besar supaya sisihan piawai suatu
cerapan dipertingkatkan sebanyak 25 peratus, berapa besarkah saiz
sampel yang patut digunakan jika kita ingin mengesan perbezaan ini
dengan kebarangkalian sekurang-kurangnya 0.907?

(50 markah)

3. Satu eksperimen rawak lengkap digunakan untuk mengkaji kekuatan tegangan

sejenis fiber yang biasanya dipengaruhi oleh peratusan kapas yang digunakan

di dalam fiber. Beliau menggunakan lima aras kandungan kapas dan membuat

replikasi eksperimen ini sebanyak lima kali. Datanya dipamerkan di dalam

jadual berikut.

Peratusan

Berat

Kapas Cerapan
15 7 7 15 11 9
20 12 17 12 18 18
25 14 19 19 18 18
30 19 25 22 19 23
35 7 10 11 15 11

(a).

(b).

(c).

Tuliskan model kesan bagi eksperimen ini dan andaiannya.
(10 markah)

Apakah hipotesis releven yang diingini?
(10 markah)

Adakah terdapat bukti untuk mempertahankan kenyataan bahawa
kandungan kapas mempengaruhi purata kekuatan tegangan? Guna
a=0.05.

(40 markah)

. Guna kaedah LSD Fisher untuk membuat perbandingan di antara

pasangan purata. Apakah kesimpulan yang boleh anda buat?
(40 markah)
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4. Satu eksperimen dijalankan di sebuah kilang dalam usaha untuk meningkatkan

pengeluarannya. Lima faktor, setiapnya pada dua aras, dikaji. Faktornya ialah

A = “aperture setting”, B = “exposure time”’, C = “development’, D = “mask

dimension”, dan E = “etch time”. Rekabentuk tunggal 2° dijalankan seperti
berikut.

(a).

(b).

(d).

M= 7 d= 8 e= 8 de= 6
= 9 ad= 10 ae= 12 ade= 10
= 34 bd= 32 be= 35 bde= 30
ab= 55 abd= 50 abe= 52 abde 53
c= 16 cd= 18 ce= 15 cde= 15

ac= 20 acd= 21 ace= 22 acde= 20
bc= 40 bcd= 44 bce= 45 bcde= 41
abc 60 abcd 61 abce 65 abcde 63

Terangkan kenapa ANOVA tidak boleh dijalankan menggunakan model
penuh. Bagaimana anda akan menentukan kesan utama dan kesan saling
tindak yang perlu dimasukkan dalam model?

(20 markah)

Andaikan anda dapati bahawa kesan A, B, C, dan saling tindak AB
nampak besar. Jalankan analisis varians untuk mengesahkan dapatan ini.
(40 markah)

Tulis model regresi yang mengaitkan pengeluaran dengan pembolehubah
proses yang signifikan.
(20 markah)

Tafsirkan mana-mana tindak balas yang signifikan. Apakah saranan anda
terhadap keadaan proses beroperasi?
(20 markah)
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® = nD’
2ac?’

® =/(1+0.01P)> =1 (/n)

2

S, =22 Vi’ _yﬁ

i=1 j=1

SS

Treatment

General 2K design:

Contrast : Contrast,, , =(ax1)(b£1)---(k£1)

Note: The sign in each set of parentheses is negative if the factor is included
and positive if the factor is not included.
For example, consider a 23 factorial design. The contrast for AB would be
Contrastas = (a- 1)(b - 1)(c + 1)
=—abc+ab+c+(l)-ac-bc—-a-b

Effects estimate: AB---K = % (Contrast 5 )
n

Sum of Squares: SS,ek = n—;k (Contrast g5 )2
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Il Percentage Points of the 7 Distribution®
(44

v 0.40 0.25 0.10 0.05 0.025 0.01 0.005 0.0025 0.001 0.0005

| 0.325 1.000 3.078 6.314 12.706 31.821 63.657 127.32 318.31 636.62
2 0.289 0.816 1.886 2.920 4.303 6.965 9.925 14.089 23.326 31.598
3 0.277 0.765 1.638 2.353 3.182 4.541 5.841 7.453 10.213 12.924
4 0.271 0.741 1.533 2.132 2,776 3.747 4.604 5.598 7.173 8.610
5 0.267 0.727 1.476 2,015 2.571 3.365 4.032 4.773 5.893 6.869
6 0.265 0.727 1.440 1.943 2.447 3.143 3.707 4317 5.208 5.959
7 0.263 0.711 1.415 1.895 2.365 2.998 3.499 4.019 4.785 5.408
8 0.262 0.706 1.397 1.860 2.306 2.896 3.355 3.833 4.501 5.041
0 0.261 0.703 1.383 1.833 2.262 2.821 3.250 3.690 4.297 4.781
10 0.260 0.700 1.372 1.812 2,228 2.764 3.169 3.581 4.144 4.587
Il 0.260 0.697 1.363 1.796 2.201 2.718 3.106 3497 4.025 4437
12 0.259 0.695 1.356 1.782 2,179 2.681 3.055 3428 3.930 4.318
13 0.259 0.694 1.350 1.771 2.160 2.650 3.012 3.372 3.852 4.221
14 0.258 0.692 1.345 1.761 2.145 2.624 2.977 3.326 3.787 4.140
15 0.258 0.691 1.341 1.753 2.131 2.602 2947 3.286 3.733 4.073
16 0.258 0.690 1.337 1.746 2.120 2.583 2.921 3.252 3.686 4.015
17 0.257 0.689 1.333 1.740 2,110 2.567 2.898 3222 3.646 3.965
18 0.257 0.688 1.330 1.734 2.101 2.552 2.878 3.197 3.610 3.922
19 0.257 0.688 1.328 1.729 2.093 2.539 2.861 3.174 3.579 3.883
20 0.257 0.687 1.325 1.725 2.086 2,528 2.845 3.153 3.552 3.850
21 0.257 0.686 1:329 1.721 2.080 2518 2.831 3.135 3.527 3819
22 0.256 0.686 1.321 1.717 2.074 2.508 2.819 3.119 3.505 3.792
23 0.256 0.685 1.319 1.714 2.069 2.500 2.807 3.104 3.485 3.767
24 0.256 0.685 1.318 1.711 2.064 2,492 2.797 3.001 3467 3.745
25 0.256 0.684 1.316 1.708 2.060 2.485 2.787 3.078 3.450 3.725
26 0.256 0.684 1.315 1.706 2.056 2479 2,979 3.067 3.435 3.707
27 0.256 0.684 1.314 1.703 2.052 2473 2371 3.057 3421 3.690
28 0.256 0.683 1.313 1.701 2.048 2.467 2.763 3.047 3.408 3.674
29 0.256 0.683 1311 1.699 2.045 2462 2,756 3.038 3.396 3.659
30 0256 0683 1310 1.697 2.042 2.457 2.750 3.030 3.385 3.646
40 0.255 0.681 1.303 1.684 2.021 2.423 2.704 2.971 3.307 3551
60 0.254 0.679 1.296 1.671 2.000 2.390 2.660 2915 3.232 3.460
120 0.254 0.677 1.289 1.658 1.980 2.358 2.617 2.860 3.160 3.373
oo 0.253 0.674 1.282 1.645 1.960 2.326 2.576 2.807 3.090 3.291

r = Degrees of freedom

“Adapted with permission from Biometrika Tables for Statisticians, Vol. 1, 3rd edition, by

1966,

E. §. Pearson und H. O. Hanlley, Cambridge University Press, Cambridge,
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V' Operating Characteristic Curves for the Fixed Effects Model Analysis of Variance®
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“Adapted with permission from Biomerrika Tables for Statisticians, Vol. 2, by E. 8. Pearson and H. O. Hartley, Cambridge

University Press, Cambridge, 1972
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V  Operating Characteristic Curves for the Fixed Effects Model Analysis

Probability of accepting the hypothesis

Probability of accepting the hypothesis

of Variance (Continued)
o |
g,ﬁg M\ QQ_

0.50

0.40

%
nke

0.30

YA

0.20
15—
0.10 AR 91 N\
o8 ARRO 7 A VAL N
a:0s LMV R RV 1 W L W W VA W W W
0.06 MR EE AR LR R B AR
0.05 AR N A NNINERR N N TN
0.04 ALLAMAR Y MR AA VR AN \\

i \\\

\
A

2 3 ~<=—— (for
@ (for o = 0.01)—> 1 2

pEA RN

o = 0.05)

IR

1 2 3 =——— (for
@ (for o = 0.01)=——> 1 2

o = 0.05)

3 4

JIM420

L AT-

SULIT



JIM420
-17 -

V  Operating Characteristic Curves for the Fixed Effects Model Analysis
of Variance (Continued )
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Vv Oberaling Characteristic Curves for the Fixed Effects Model Analysis
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of Variance (Continued)
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