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SECTION A (Total: 40 marks)

INSTRUCTION: Answer ALL questions.

Please use the answer booklet provided.

Question 1

Consider the data (Table 1) obtained from a chemical process where the yield of the process is

thought to be related to the reaction temperature.

Table 1: Data on a chemical process.

Temperature, Yield,
X y
50 122
853 118
54 128
55 121
56 125
59 136
62 144
65 142
67 149
71 161
12 167

(a) Assuming that a simple linear regression model is appropriate, fit the regression model

relating the yield to the temperature.

(13 marks)
(b) Estimate the value of Yield, given Temperature is 70.
(2 marks)
(c) Calculate the value of correlation coefficient, » and interpret the value.
(5 marks)
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Question 2

(a) An experiment was performed to determine whether the annealing temperature of ductile
iron affects its tensile strength. Five specimens were annealed at each of four
temperatures. The tensile strength (in ksi) was measured for each temperature. A related

analysis to study the effect of different temperatures on the tensile strength is presented

in Figure 1.
One-way ANOVA: Tensile Strength versus Temperature
Source DF SS MS F P
Temperature A 58.65 19.55 C o0.001
Error | ER B
Total 19 95.49
S = 1.517 R-Sg = 61.42% R-Sg(adj) = 54.19%

Figure 1: MINITAB output to study the effect of different temperatures on the tensile
strength.

i. Determine the values of A, B and C.
(6 marks)

ii. Test at 1% significance level, the effect of Temperature on Tensile Strength.

(Hint: use p-value)
(4 marks)
(b) An experiment in which the amount of radon released in showers was investigated.
Radon-enriched water was used in the experiment, and four different orifice diameters
were tested in shower heads. A related analysis to study whether the size of the orifice

does affect the mean percentage of radon released is presented in Figure 2.

One-way ANOVA: Radon Released versus Diameter
Source DF SS MS F P
piameter || 256.25 C 14.34 0.000
Error A 71.50 5.96

Total 15 B

S = 2.441 R-Sg = 78.18% R-Sg(adj) = 72.73%

Figure 2: MINITAB output to study the effect of the size of the orifice does affect the

mean percentage of radon was released.

i Determine the values of A, B and C.
(6 marks)

ii. Test at 5% significance level, whether the size of the orifice does affect the mean

percentage of radon released. (Hint: use p-value)
(4 marks)
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SECTION B (Total: 60 marks)

INSTRUCTION: Answer THREE (3) questions ONLY.

Please use the answer booklet provided.

Question 3

CONFIDENTIAL

(a) A machine produces metal rods used in an automobile suspension system. A random

sample of 12 rods is selected, and the diameter is measured. The resulting data in

millimeters are shown in Table 2.
Table 2: The diameter of 12 rods.

8.23 8.31 8.42
8.29 8.19 8.24
8.19 8.29 8.30
8.14 8.32 8.40

Test the hypothesis at 5% significance level, to indicate that mean rod diameter is not

8.20mm.

(10 marks)

(b) Ninety-one coils of galvanized steel are inspected across 7 categories of flaws. The

MINITAB output of the analysis is shown in Figure 3.

Category Observed
10
15
12
16
15
12
11

N W

91 C 2.46154

Test

Proportion
0.142857

(= elleiellelNe]

N DF Chi-8g P-value
0.873

.142857
.142857
.142857
.142857
.142857
.142857

Expected

i3
13
13
13
13
13
13

Chi-Square Goodness-of-Fit Test for Observed Counts in
Variable: Observed

Contribution

to
0.

0.

o

Chi-Sg

692308
A

076923
B

.307692
.076923
.307692

Figure 3: MINITAB output of Chi-Square Goodness of Fit Test.

i Determine the values of A, B and C.

(6 marks)

ii. Test at 5% significance level, whether the distribution across the seven categories

of flaws is equally likely. (Hint: use p-value)

CCB21203 STATISTICS FOR ENGINEERS

(4 marks)
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Question 4

(a) A geologist collects hand-specimen sized pieces of limestone from a particular area. A

qualitative assessment of both texture and colour is made and the results are shown in

Table 3.
Table 3: The observed number of defects.
Colour
Texture
Light Medium Dark

Fine 4 20 8
Medium 5 23 12
Coarse 21 23 4

Test the hypothesis at 5% significance level, is there an association between colour and

texture for these lime stones.
(10 marks)

(b) Ten individuals have participated in a diet-modification program to stimulate weight loss.

The relevant analysis is conducted and shown in Figure 4.

Paired T-Test and Cl: Before, After

Paired T for Before - After

N Mean StDev SE Mean
Before 10 105.20 19.08 6.03
After 10 97.20 17.21 5.44
Difference 10 8.00 3.20 1.01

95% CI for mean difference:
T-Test of mean difference = 0 (vs not = 0): T-Value = [Jlll P-value = 0.000

Figure 4: MINITAB output of a study on the effectiveness of a diet-modification program.

Calculate the test value (T-value).
(2 marks)

i. Test at 5% significance level, whether the diet-modification program is effective

in producing mean weight reduction. (Hint: use p-value)
(4 marks)

iii. Calculate the 95% confidence interval of the mean difference.
(4 marks)
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Question 5
(a) In a study, it is suspected that strength is related to the percentage of cotton in the fiber.
Five levels of cotton percentage are used, and five replicates are run in random order.

The data is presented in Table 4.

Table 4: The measurements of breaking strengths using five levels of cotton

percentage.

Cotton Observations 2
Percentage [ 1] 2 | 3 | 4 [ 5| 2% 2%,
15 7 7 15 | 11 9 49 525

20 121 17 | 12 | 18 | 18 77 1225

25 141 18 | 18 | 19 | 19 88 1566

30 19| 25 | 22 | 19 | 23 108 2360

35 7110 | 11 | 15 | 11 54 616

Test at 1% significance level, does the cotton percentage affect the breaking strength.
(10 marks)

(b) An article describes an experiment to investigate flatness distortion from heat treating for
two types of gears and two heat treating times. The MINITAB output of the relevant

analysis is shown in Figure 5.

Factorial Fit: Flatness Distortion versus Gear Type, Time

Estimated Effects and Coefficients for Flatness Distortion (coded units)

Term Effect Coef SE Coef T P
Constant 0.054438 0.002673 20.37 0.000
Gear Type 0.018125 0.009062 0.002673 339 0028
Time 0.031625 0.015812 0.002673 5.92 0.004
Gear Type*Time 0.001375 0.000688 0.002673 0.26 0.810
S = 0.00756018 PRESS = 0.0009145

R-Sq = 92.09% R-Sg(pred) = 68.35% R-Sg(adj) = 86.15%

Analysis of Variance for Flatness Distortion {coded units)

Scource DF Seqg SS Adj SS Adj MS F P
Main Effects 2 0.00265731 0.00265731 0.00132866 23.25 0.006
2-Way Interactions 1 0.00000378 0.00000378 0.00000378 0.07 0.810
Residual Error 4 0.00022863 0.00022863 0.00005716

Pure Error 4 0.00022862 0.00022862 0.00005716
Total 7 0.00288972
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Main Effects Plu{;ca 1;:0:[I Flatness Distortion Interaction Plot Daf:rMFlatmss Distortion
Gear Type Time 0.08 JC 1:_::;
0.0604 / i 0.06-
0.040 0.034 ; '
20 24 90 120 i Time e,
Figure 5: MINITAB output of the analysis on the Flatness Distortion.
i. Write the full regression equation based on the output.
(2 marks)
i Test for significance of the individual coefficients using a = 0.01.
(4 marks)
iii. Test for significance of the interaction using o = 0.05.
(2 marks)
iv. Determine the Gear Type and Time Alignment Method that can minimize the
Flatness Distortion. (Hint: refer to the Main Effects Plot)
(2 marks)
Question 6
(a) In semiconductor manufacturing, wet chemical etching is often used to remove silicon

from the backs of wafers prior to metallization. The etch rate is important characteristic
in this process. Two different etching solutions have been compared, using two random

samples of 10 wafers for etch solution. The observed etch rates (in mils/min) are shown

in Table 5.
Table 5: Comparison of two etching solutions.
Solution 1 Solution 2
9.9 10.6 10.2 10.0
9.4 10.3 10.6 10.2
9.3 10.0 10.7 10.7
9.6 10.3 10.4 10.4
10.2 10.1 10.5 10.3

le =997 Z X, = 104
fo — 995,61 szz — 1082.08
Test at 5% significance level whether the mean etch rate is the same for both solutions

with the assumption that both population variances are equal.
(10 marks)
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(b) An article describes and experiment for investigating a method for aligning optical chips
onto circuit boards. The method involves placing solder bumps onto the bottom of the
chip. The experiment used three solder bump sizes and three alignment methods. The
response variable is alignment accuracy (in micrometers). The MINITAB output of the

relevant analysis is shown in Figure 6.

Response Surface Regression: Accuracy versus Bump Size, Alignment Method
The analysis was done using coded units.
Estimated Regression Coefficients for Accuracy

Term Coef SE Coef T P
Constant L1973 0.3204 3.737 0.003
Bump Size 0.4558 0.1515 3.008 0.011
Alignment Method -1.2040 0.1535 -7.845 0.000
Bump Size*Bump Size 1.1540 0.3225 3.578 0.004
Alignment Method*Alignment Method 0.7017 0.2624 2.674 0.020
Bump Size*Alignment Method 0.1922 0.1807 1.064 0.308

S = 0.524873 PRESS = 7.05716
R-Sq = 89.51% R-Sg(pred) = 77.61% R-Sqg(adj) = 85.14%

Analysis of Variance for Accuracy

Source DF Seqg S8 Adj SS Adj MS F P
Regression 5 28.2115 28.2115 5.64230 20.48 0.000
Linear 2 22.4037 19.4493 9.72467 35.30 0.000
Square 2 5.4962 5.4962 2.74808 9.98 0.003
Interaction 1 0.3116 0.3116 0.31163 1.13: D308
Residual Error 12 3.3059 3.3059 0.27549
Lack-of-Fit 3 3.1885 3.1885 1.06282 81.44 0.000
Pure Error 9 0.1175 0.1175 0.01305
Total 17 31.5174

Figure 6: MINITAB output of the analysis on the alignment accuracy.

i. Write the full regression equation based on the output.

(2 marks)
i Test for significance of the individual coefficients using a = 0.01.

(4 marks)
il Test for significance of the model and lack-of-fit using & = 0.05.

(4 marks)

END OF EXAMINATION PAPER
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APPENDIX
Sample Mean o Zx,. Sample Standard (Tx%) — (Z‘,x,)
n deviation S = T

Confidence interval
(One Sample)

CASE 1: o known
X+Z —

\/_

CASE 2 o unknown (n=30)
X+ Z.

f

CASE 3 o unknown (n<30)

X+r —

Sl f

Confidence interval
(Two Samples)

CASE 1: 0 known

i R 2 0_2

(X, -X))*Z, e

21 M

CASE 2 : 0 unknown (n= 30)
2

R,

&
x; —X, )22, +L
2 nl n2
Case 3(a) o unknown (n <30), assume unequal variances
2. NE
S, 5
=R T,TJ
(%, -%,)xt, [|“+2 VSR o e B
w TR Ry 7% 2 ?
mny n
it

n1 i 1 n2_1
Case 3(b) o unknown (n <30), assume equal variances

2 2
L S, S —1s? +(n, —1)s2
(xl _xz)ita il A 3 Si — (nl ) 1 ( 2 )52
ER RO ntn, =2

v=n+n,-2

Test statistic
(One Sample)

CASE 1: o known
e
g XK
o

i

CASE 2 : o unknown (n>30)
X-u

Bl

Jn
CASE 3 : o unknown (n<30)
X-p

Z =

F=

-
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Test statistic
(Two Samples)

CASE 1: o known
(X, -X2)- (4, —

face

CASE 2 : o unknown (n> 30)
(X XQ) (#1

\/3_‘

Case 3(a) o unknown (n <30), assume unequal variances

Z_

Z=

T = (% ~ %) —~(a — i)
S8
o n,

Case 3(b) o unknown (n <30), assume equal variances

n—=1  n,~1

—Ds? +(n, -1)s2
7o B -%)— (/u1 sj=(”1 )si +(n, ~Ds, U =2
f n+n—2
Test stat.-st:c
il ZD2_(ZD)2
D— D
5!'"=—}L-‘!i s v=n-—-1; D—z v Sp = i
Dependent samples \/;
Confidence Interval
= S
D+t =%
2 n

Analysis of Variance
(ANOVA)

§54 = Z{(er)z} (Z%c,.j)2

SSL =) ¥ % (ZZ

SSE = §ST — S§4

Chi Square Test

Regression model

=Y %7 ———(inxzy!)
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S, (ny)z

n
LS % -
)81 == ﬂu =Y —pX
xx
Correlation coefficient

S
r=——

A a 5
Standard error estimate
i Syy -p ISXy

s
& n—2

PERCENTAGE POINTS OF THE NORMAL DISTRIBUTION

This table gives percentage points x(P) defined by the

equation

Lol b i

100 27 J 2(P)
If X is a variable, normally distributed with zero mean and PLIG
unit variance, P/10o is the probability that X = x(P). The 5 P
lower P per cent points are given by symmetry as — x(P),
and the probability that | X| = x(P) is 2P/100.

P x(P) P x(P) P x(P P wlP) P x(P) P x(P)

50 00000 50 16449 30 1-8808 20 2'0537 o 23263 010 30902
45 o©0°1257 48 16646 29 18957 1I'9 20749 09 23656 0'09 3'1214
40 02533 46 16849 28 19110 18 2-0g69 o8 24089 008 31559
35 03853 44 177060 27 19268 17 271201 07 24573 007 31047
30 05244 42 177279 26 19431 6 21444 06 2-5121 0-06 32389

25 06745 40 17507 25 19600 I'5 21701 0’5 25758 005 3°2005
20 08416 38 17744 24 19774 4 21973 04 26521 001 37190
15 1-0364 36 17991 23 10954 '3 222062 03 277478 0005 3-8906
10 12816 34 18250 2'2  2°0I4I I'2 22571 o2 28782 0001 42049
5 1-6449 32 18522 2'IT 2°0335 I'T 22004 0'I 3'0902 00005 4'4172
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PERCENTAGE POINTS OF THE #-DISTRIBUTION

This table gives percentage points £,{P) defined by the
equation:
AR |

M B .....‘.___._‘i‘______
t,p) (1 + £2]p) i)

100 Jvm T(iy)

Let X, and X, be independent random variables having a
normal distribution with zero mean and unit variance and a
x*-distribution with v degrees of freedom respectively; then
t = X /VX,/v has Student’s t-distribution with » degrees of
freedom, and the probability that ¢ = t{P) is P/100. The
lower percentage points are given by symmetry as —¢,(P),
and the probability that [¢] 2 1,(P) is 2P/100,

P 40 30 25 Z20 15
ve=x 03249 0 7263 1'0000 1-3764 1963
2 02887 o617z  o8165 10607 1386
3 o2767 05844 o7649 09785 1°250
4 02707 0'5686 07407 09410 1'190
5 02672 05504 07267 o9195 1156
6 02648 05534 07176  o'gos7 1134
7 02632  o05491  o7111 o 8gbo 1'119
8 02619  0'5459 o'7064 08889 1108
9 02610 05435 07027 o8834 1100
10 o 2602 05415  o6998 o8791 1'093
1 02596 05399 06974 o8755 1088
12 o 2390 05386 o6gss  o87z6 1-083
13 02586 05378 06938 o8502 1"079
14 o'z2582 05366 o'bg24 08681 1°076
15 02579 0'5357 06912 0 8662 1°074
16 02576  ©'5350 o©0'6gor 08647 1'071
17 02573 05344 ©o6892 08633 1-069
18 02§71 05338 06884 o'8620 1067
19 o2569 05333 06876 o 8610 1066
20 02567 o'5329 06870 o86oo 17064
21 02566 o'5325 06864 08501 17063
22 02564 o5321 06858 08583 1-061
23 02563 05317 06853 083575 1-06o
24 oz562 05314 06848 o856 1059
25 02561 o'5312 06844 08562 1'058
26 orzs60  o5309 06840 083557 1-058
27 02559 o'5306 06837 08551 1-057
28 02558 o'5304 06834 083546 1056
29 02557 o5302 06830 o854z 10355
30 02556 o'5300 06828 08538 1055
32 02555 0'5297 06822 08530 1'034
34 02553 05204 06818 08523 1'052
36 02552 ©o'5291 06814 08517 1052
18 0'2551 0'5288 06810 o©'8s512 1-051
40 o'2550 05286 o687 08507 1-050
50 02547 05278 06794 08480 1°047
6o 02545 o527z o6786 08477 1°045
120 02539 05258 o 6765 08446 1-041
@ 02533 0'5244 o'b745 08416 1036
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P/100

a ¢, (P

The limiting distribution of ¢ as ¥ tends to infinity is the
normal distribution with zero mean and unit variance, When
v is large interpolation in v should be harmoniec.

10 5 25 I o5 oI 005
3078 6314 12771 3182 6366 3183 6366
1-886 27920 4303 6965 9925 2233 3160
1638 2353 3182 4541 5841 1021 12°92
1’533 27132 20776 3747 4604 173 8610
1476 zors 2571 3365 4032 5893 G869
1'440 1043 2447 3143 3707 5208 5959
415 1895 2365 2998 3499 4785 5408
1397 1860 2306 2896 3355 4501 5041
1-383 1833 2:262 2-821 3250 4207 4781
1°372 1812 2228 2964 3160 4144 4587
1°363 1796 2201 2718 3106 4025 4437
1-350 1782 2179 2681 3°055 3930 4318
1'350 1771 2160 2:650 3012 3852 4221
1'345 1761 2145 2624 2977 3787 4140
1'34T  1°7§3 2131 2602 2047 3733 4073
1337 1746 2120 2583 2921 3686 4015
1"333 1740 27110 2567 2898 3646  3-96s
1'33¢ 1734 2101 2552 2878 3610 3922
1-328 17729 2093 2539 2861 3579 3883
1"325 1725 2086 2528 2845 3552 3850
1°323 1721 2080 2518 2831 3527 3819
1°321 1’717 2074 2508 2819 3505 3702
1'319 1714 2069 2500 2807 3483 3768
11318 17rr zob4 20492 2797 3467 3745
1316 1°708 2060 2485 2987 3450 3725
1°315 1706 2056 20479 2779 3435 3707
1'314 1'703 20052 2473 2771 3421 3690
1°313 1’701 2048  2-467 2763 3408 3674
311 17699 20045  2:462 2756 3396 3650
1’310 1°697  2:042 2457 2750 3385 3646
1309 1694 20037 2449 2738 3365 3622
11307 1'691 2032 2441 27728 3348  36or
1306 1688 2028 2434 2719 3333 3582
1304 1°686 2024 2420 2712 3319 3566
1-303 1684 20021 2423 2704 3307 3551
1’299 1676 2009 2:403  2:678 3261 3496
11206 1671 zoo0 20390 2660 3232 3460
1280 1658 1980 2358 2617 3160 3373
1282 1643 1gbo  2:326 2'576  3-eg90 3°291
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PERCENTAGE POINTS OF THE F DISTRIBUTION

The table gives the values of Fy; i o, 1he 1000 percenlage poing of the F distribution having v, degrees of free-
dom in the numerator and v, degrees of frecdom in the desominator,

for each pate of values of v, and vy, Fo, 0, 5 tabulated for o = 0,05,0,025,0,01,0, 001, the 0,025 values being
bracketed, -

‘The lower perceatage points of the distribution may be vbtained from the relation:-

W
Fo-apvw, = fFore

w /\P{,;

e Fognina = VUF ga e = Mgy = 0351

F .
Ta ¥ ja¥2

1 2 h 4 5 6 7 8 10 12 24 »

e
2

1 1514 1995 2157 224,6 230.2  234.0 236,868 238.9 24).,9 243,89 249.0 254.3
{644} {Bonj {864 00} {922) {037) 948} 937] (269) Wit {6%97) {1018)
4052 5000 40 2629 764 5650 2928 5581 6056 £106 6235 6366
q0%3* 500D B40MT  5B23*  ITE4*  5B30*  5928° 5081 6OG6*  6107T  6235%  636E°

2 18.5 15.90 19.2 19.2 19.3 13,2 19,4 i9.4 19.4 19,4 19.5 19.5
i3E.51 39,01 (39.2f (39.2) {35.3) (39.3) (39.4) (30.4) {39.4) (39.4) (30.5) {335}

98.5 95,0 982 99,2 99,3 99,3 a0, 4 99.4 89.4 9%.4 99,5 98,5

a98.5 9000 99%.2 989 2  899.3 990.3 999.4 D99.4 999.4 D99.4 8995 999.5

3 10,13 9.55 G.28 9.12 .01 5,94 4,89 . 8.85 B8.79 8.74 B.06¢ 8,53
(7.4} (600 0854 (151 (4.8 (147 (14.6)  {14.5) (14.4) (14,3} (14,11 (13.9)

3501 3.8 26,5 28.7 28.2 27.9 27.7 27.5 21,2 a1 26.8 26, 1

167.0  144.5 141,01 137,17 134,86  132.8 1315  130.¢ 129.2 1263 125.9 1245

4 7.71 6. 54 £.54 6,39 8,26 6.16 6.09 6,04 5,96 5,91 5.77 5,63
(12,220 {10.B5) (9.83)  [9.60F {9, 36) {0,200 (9.07) {8.B8) (8.84) {B.75) JB.51) (8.26}
21.2 4.0 18.7 16.9 15.5 15,2 15.0 14,8 14.6 14.4 13.9 13.5
74.14 61.25 5A.18 G3.44 51.71 50.53 49.66 49,00 48,05 47.41 45.77 44,05

5 6,61 4, TH 5,41 5.18 5.05 4,95 §.88 4,82 4,74 4.68 4.53 4.36
G0.61F (.43 7,78} (7.99)  (T.15)  6,98) (8.85) (6,78} {(6.62) (6.52) (6.28) (B.02)
16.26 13,27 12,08 11,39 10,97 10,67 10,46 10.25 10,05 9,89  0.47  9.02
4716 37.12 35,20 31,09 29.75 28,83 28,16 27,85 26,02 26.42 25,14 2379

§ 5,89 5,14 1.78 4,33 4,39 4,26 4,21 4.15 4,08 4,00 3,84 3,67
f.BE) 19.Z6) .60y (6,231 (5.991 (5.82) {3,701 (5.60) (5.40) (5.%77) (6.12) (4.B5)
13,74 106.92 8. 7R 9,15 8,75 a4 B.26 8.10 7.87 7.72 7.3 6. 88
35.51  P7.00 23.70  21.82 20,80 20.03  10.46 19.03 16.41 17.88 16.90 1575

7 3,59 4. 74 4.5 4,12 3,97 3.87 3.79 3,73 3.64 3.57 3.41 3.23
B.07)  6.54) (5.89) (5.52) {5,281 {5.12) (4.90) {4.80] (4.76) (. 670  (4.42)  (4.14]
12,25 .55 4.45 7.85 7. 46 T.14 6.99 8. B4 §.62 6.47 6.07 5,65
20,25  21.69% 18.77 17.20 16,21 15,52 15.02 14,63 14,08 1371 12.73 1L70

B 5.32 4,46 4,407 3184 3.688 3.58 1.30 3,44 3.35 3.28 3.12 2.93
(7.57) (6,06} {5.42F  {3.05)  (4.82) 4,630 {2.33) (.43 14.30) (4.20) {3.93) (3.67}
11.26 B, &% 7,59 7.01 6. 83 g6, 37 g.18 6,03 3.81 9. 67 5,28 4.86
25.42 18,48 15,83 14.39% 13.48 12.86 12,40 12,05 11,54 1119 10,30 2,34

9 5.12 4.26 3. 86 3,63 3.48 3.37 3.29 3.23 3.14 307 2.90 2.7
(7.21)  (6.71)  (6.08) (4,72} {4.48) (4.32) (4.20) (4.100) (3,96} (3.B7) (I.€L) {3.33)
L0 56 #,02 6. 99 G. 42 8, {8 5.480 4. 61 5.47 b, 26 5.11 4.73 4.3
22 85 16.39 1340 12,86 {171 11,13 10.68  10.37 9.87 9.57 a.72 T7.81

10 4. 98 4.10 3.7 3.48 3,33 3.22
6,04}  {5.48) (4,831 (4.47) 4.24) {4.07)
1, M 7,58 6.55 5.40 5,64 5.19 .30 5.08 4,85 4.71 4.33 3,91
21.04 14,81 12,55 11,28 10,48 8,03 52 9,20 8.74 B. 44 7.64 6. 78

1 484  3.95 3.5 3.3 320 308 301 2,95 2.8 2,79 2.6l 2,40
i6.72)  (5.26) {4,83) (4.28) (4.04) (3,88} {3.78) (3.66) (3.53) (3.43) (3.IT)} (2.88)
9.66 7.21 6,22 567 5.32 507 4,89 474 4.34 4,40 402 360
{5.69 13.81 11.56 10.35 9,58 9.05 @66 8.35 7.%2 T.63 6.85 €00

14 1,07 2,98 2.m 2,74 2.54
J08) 1 BES) (3.7 {3.62) (3.37) (3.08)

—_—
[E=RE L)

12 4,75 1,89 3.49 3,26 3,11 5.00 2.9 2,85 2.75 2,89 2,51 2,30
(6.55) {5,100 (4.47) (4.12) (3,89% {373} (a.e1) (L5 (3.3M 3 28)  (3.02) {2.72:
§.33 6.93 5,95 5.41 5. 06 4, 52 4.64 4,50 4,30 4,18 378 3. 36
18,64 12,07 10,80 4,61 8.8% B. 38 8.00 7.71 7.29 7.00 6.25 5.42
13 4.87 3.81 3.41 3,18 3.03 2,92 2.83 2,77 2,67 2,60 2.42 2.21
®.41)  (4.97)  4.35) {4,000 {3.97) (3.60) (3.48) (3.3} {3.25) (3.15) 2, 891  (2.60:

.07 6.70 5,74 5.21 4. B8 4.62 4.44 4,30 4,10 3.96 3.59 3.7
17.82 12,30 10,21 9.u% 8.35 7.86 T.49 7.2 6. B0 6.92 5,78 4.97

« Entries marked thus must be multiplied by 100
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SR, Y

L

16

158

20

29

30

40

B0

120

1 2 3 4 5 6 T g
1.60 .74 3,34 I 2.96 2,85 278 .1
(6.30) 1£.BG) {4.24) {3.88) (3.86} (3,500 (5.84) 1328}
B. 68 6.51 5, 56 5. 04 4.70 1,46 4, 28 414
i7.14  11.74 4,73 8.62 7.z 7.44 708 680
4,49 1.63 3,24 am 2,85 2,74 266  2.39
(6.12)  <4.68)  [4.08) (3.7 (3500 (2.34) i3.g1) 1313
B, 53 .23 5,29 4,77 444 4.20 4.03 3.30
15,12 10,97 .01 7.84 7.27 6. B0 .45 5,18
4.41  3.55 3,18 2,93 2,717 2.66 2.58 2.51
(6. 08) {4.86) {3.95) (3.61) (3.38) {2.22) (3. 10) 301}
&, 29 .01 5.08 4.58 4.25 4.01 3.84 3.7
15,38 10.39 5. 49 T.44 6.41 &35 6,07 376
4.3 349 3.10 287 2.71 2.80 2.51 2.45
(5. 67) 446} {3.86)  (3.51) 13.29) (3.13) {3.01) 12.9%)
E.10 5. 85 4,94 4. 43 4.10 3. 67 3.0 1.36
4. 82 .95 .10 .10 6.46 §.02 5. 6% 5,44
4.0 3.44 3.05 2,82 2,66 2,55 2. 46 2.40
(5.79)  (4.38) 13.748) (3.44) {3.22) (3.05) {2.93) [2.84)
7.45 b, 72 4,62 4.31 3.98 3.768 3.5 1,45
14.38 9.61 7.E0 6.81 6.18 5,78 5.44 5.19
4,26 340 301 2. 76 2.62 2.51 2.42 2.36
15.78) (4,32} (3.72)  {3.38) (3.16} {2.99) (2.87) [(2.78)
7.42 5.61 4.2 4,22 3.90 3,67 3.50 3.36
14,03 .54 7.35 G.59 5.96 5,53 5.2% 4.99
4,24 3,87 2.98 2.4 2.58 2,47 2.35 2.32
15.66F  d4.29) (3.6T) 03.33) {3.10) (2.84) {2.82) (2.713)
792 5,53 4.64 4,14 3.42 3.59 3.42 3.29

13.74 8.12 7.36 6. 41 5.0 5,38 5.07 4.83
§.20 3.34 2.95 2.71 2.56 2. 45 2,36 2,29
{5.61) {4.22) {3.863) {3.29) (3.06) (2,900 (2,76} (2.69)
7.64 645 4,57 4,07 3.75 3,52 3.36 8.23
13,50 B.93 T.18 6.25 568 5.24 4.93 4.69
4.17 3.32 292 2. 68 2.53 2.42 2.35 2.27
9,97 (418} 13,39y (3.28) {3.03) (2.87) {2.75} (2.65)
7.56 5. 3% 4.31 4.02 3.70 3.47 3.30 3.17
13.29 5. 77 7.05 5.12 3.33 5.12 4,82 4.58
4. 08 3.23 2,84 2.61 2.45 2.34 2.35 2.18
15.42) (4,08} 13.4B) {3,131 {2,000 {2.74) i2.62) (2,53)
7.2 5.18 4.3 3.83 3,51 3.28 3.12 2,99
12,51 §.25 fi. 54 5,90 513 $.73 444 4,21
4.00 3.15 2.76 2,83 238 2.25 549 2.10
19,281 (.83 3.34) 301} (2.78) {2.63)  (2.51) {2.41)
7.08 4.08 4.13 3.65 3.3¢ 3.12 2.95 2.82
11.97 T 617 5.31 4,76 4.37 4.09 3.B6
3.92 1,07 268 2.45 2.2% 2,18 2.09 3.02
9, 15) (3B} 43.23) {2.89) {2.87) 12.52} (2.39) (2.59)
5.95 4.79 3.95 3.48 3.17 2,06 2.79 2.68
11.38 7.33 5.78 4,05 4,42 4,04 3.77 3.5%
3.84 3.00 2.60 2.37 2.21 2.10 2.01 1.04
13,088 (3,69} 13.12) (2,790 (2.5%)  (2.41) (Z.28) (2.19)
6,658 4,61 3. 74 352 3,02 280 2. 64 2.61
10.83 6,981 5.42 1,62 4.10 3.74 3.47 .27

CONFIDENTIAL

10 12 24 «
2,60 .53 2.35  2.13
(3.15)  {3.05) (2.79} {2.4Q)
3.04 3,80 .43 3.00
6.40 6,13 5.41 4.60
2.49 2.42 2.24 2.01
(2.99)  (2.88) {2.63) (2.3%)
3.49 3,55 3.16 2.75
5.81 5,55 4.85 4.08
2.41 2.34 2.15 1.a2
2,87 {2.77)  (2.50F (.19
9.51 3.37 3,00 2.5
5. 39 5.13 4.45 .47
2,45 2,28 2.08 1.54
12,99 12.68)  {2.41)  (2.09)
3,47 3.23 2,86  2.42
5.08 4.82 4.15 3.33
2.30  2.23 2.03 1.748
(2.70) 12,600 12.33) (2.00)
2.28 3.12 2.95 2.81
4,83 4. 58 3.92 315
2.25 2.18 1.96 1.73
(2.64) 12.54) (2.27) {1.94)
3,17 3.03 2.66 2.21
4,84 4,49 114 2,97
2.22 2.15 1.95 1.569
(2,58) {2.48) (2.22) (1,E8)
3,09 2,96 2,58 2,13
4,44 4,24 3.5 2.82
2,19 2.12 1.91 1.66%
(2,55} {2.45) (2.17) (1.83)
3,03 2.90 .52 2,08
4.35 411 3.46 2. 59
2.15 2.08 1.89 1.62
2.51)  (2.41) {2.14) {1.79)
2.08 2.84 2,47 2.0
4,24 4,00 3.3 2.5
2,08 2,00 1,79 1.51
12,39} 12.20) 2.01) (1.84)
2.80 2.66 2.89  1.80
3.87  4.64 3.01 2.23
1.84 1,92 1.70 1.38
(2,27 (2.1 {1.88) (1.48)
2.63 2850 2,127 1.0
3.54 3.8 2,60 1.89
1.9 1,83 1.61 1.25
12.16) (2,05} {1.78) {1.31)
2.47 2,34 1.95 1.38
3.24 3,02 2.40 1,54
1.83 1.75 1.52 1.00
12,08} (1.84) (1,64} (1.00)
2.32 2,18 1.79 1.0¢
2.96 274 2.13 i.00

CCB21203 STATISTICS FOR ENGINEERS

Page 13 of 14



OCTOBER 2025 g CONFIDENTIAL
CHI SQUARE DISTRIBUTION
3’.121;\'

o= | 0095 0.99 0.9% 0975 095 090 080 020 0.10 0.03 0.025 002 0.01 0.005  0.001 =q
V=1 o000 0000157  0ooss2s  ooos2 (00393 00158 00642 1.642 2706 3.841 504 5412 6635 7879 10827 | v=1
2100100 00201 00404 00506 6103 0211 0446 3219 4605 5991 FATR 724 9210 10.597 13815 2
SL00717 0 0015 018 0216 0352 0SB4 1005 4442 625] 1815 9M8 0837 1135 12838 16.268 3
4| 0.207 0.297 0.429 0.484 0.711 1.064 1649 35989 7779 9.488 11.143 11668 13277 14860  18.465 4
S10412 0554 0752 083 1.145 1,610 2343 7280 9236 11070 12832 13388 15086 16750 20517 o]
61 0.676 0872 L1134 1.237 1,635 2204 3070 8558 10645 12592 14449 15033 16812 18548 22457 6
710989 1230 1564 1690 2067 2833 3822 U803 12017 14067 16013 16622 18473 20278 24322 7
811344 1646 2032 2180 2733 3490 4594 11030 13362 15507 17535 18168 20090 21955 26125 H
911735 2088 23532 27000 3325 4068 5380 12242 14684 16919 19023 19679 21666 23589 27877 9
10 2.156 2358 3059 3247 3040 4865 6179 13442 15987 18307 20483 21161 23200 2588 20588 il
11| 2.603 3033 3609 3816 4375 5578 6080 14631 17275 19675 21920 22618 24725 26757  31.264 1
213074 57 4178 4404 3226 6304 7.807 15812 18549 21026 23337 24054 26217 28300 32909 12
313565 4107 4765 5000 5892 7042 8634 16985 10812 22362 24736 23472 27688 29810 34528 13
141 4.075 4660 5368 5620 6571 7790 9467 18151  21.064 23085 26119 26873 20041 3139 36123 14
15 | 4.601 5220 5985 6262 72601 8347 10307 19311 22307 24906 27488 28259 30578 32801  37.697 15
16 ] 5.142 5812 6614 6908 7962 0312 11152 20465 23542 26206 28845 20633 32000 34267 30.252 16
17 | 5.697 6408  7.255 7564 8672 10085 12002 21615 24769 27.587 30091 30995 33409 35718 40.790 17
18 | 6.265 7015 7906 8231 9300 10865 12857 22760 25989 28869 31526 32346 34805 37156 42312 18
19| 6844 7633 R567 0 R907 10017 11651 13716 23900 27204 30044 32852 33687 36091 38582 43.820 19
20 | 74M 8260 9237 0391 10851 12443 14578 25038 28412 31410 34070 35020 37566 39.007 43315 20
21| 8.034 8897 9915 10283 11591 13240 15445 26071 20615 32671 35479 36343 38932 41401 46797 2]
2| 8643 9542 10600 10982 12338 14041 16314 27301 30813 33924 36781 37659 40280 42706 48268 2
2319260 10,096 11203 11688 13091 14848 17087 28429 32007 35172 38076 38968 41638 44081 49728 2
24 | 9.886 10856 11992 12401 13848 15659 18.062 20553 33096 36415 30364 40270 42080 45558 SLIMY 24
25010520 115324 12607 130200 14611 16473 18040 30675 234382 37652 40646 41566 44314 46928 52620 25
26 11160 12198 12400 13844 15370 17202 19820 31.795 35563 3BRRS 41023 42856 45642 48200  54.052 26
270 11808 12879 14,125 14573 16051 18114 20703 32012 36741 40013 43094 44040 40963 49645 35470 27

112461 13565 14.847 15308 16928 18930 21588 34.027 137916 41337 44461 45419 4R278 509937 56893 2
200 13121 14256 15574 16047 17708 19768 22475 35030 30.0R7 42557 45722 46693 49.588 82336 SR302 29
30013787 14953 16306 16791 18493 20.509 23364 36.250 40256 43773 46979 47962 50892 53672 S0703 30
40120706 220164 23838 24433 26509 20051 3235 47260 5LB0S 55730 59342 00436 63691 66766 73402 40
30127991 20707 31664 32357 34764 37.680 41440 58064 63167 67505  TE420 726013 76.054 79490  86.661 30
60 | 35535 37485 30600 40482 43188 46459 S50.641 G6BO72 74397 79082  R3208 84580  8BAT0 91952 99.607 60
70 | 43275 4542 47893 48758 51730 55320 50808 0715 85327 00.331 05023 06388 100425 104215 112317 70
801 SLI7T 53339 56213 57053 60391 64278 69.207 90405 96578 101880 106.629 108.069 112329 116321 124.839 80
00 | 39106 6L754 64034  65.646  69.126 73201 7538 101054 107565 113045 11R136 119648 124116 128209 137208 90
100 | 67327 70065 73042 74222 77920 82358 87945 111667 118498 124342 120561 310142 (35807 140170 149449 100
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