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SECTION A (Total:40 marks)

Answer ALL questions.

Please use the answer booklet provided

Question 1

(a) A company operates three machines in three shifts each day. From production records,
data on the number of breakdowns are collected, and the MINITAB output is shown in
Figure 1.

Tabulated statistics: Shift, Machines

Rows: Shift Columns: Machines

A B c All
i 41 20 12 73
36.92 20.37 15.70 73.00

2 31 11 9 51
25,80 14.23 A 51.00
3 15 17 16 48
24.28 13.40 [ TE
All 87 48 37 e

87.00 48.00 37.00 172.00

Cell Contents: Count
Expected count

Pearson Chi-Square = 11.103, DF = B, P-Value = 0.025
Likelihood Ratio Chi-Sguare = 11.223, DF = 4, P-value = 0.024

Figure 1: MINITAB output

i. Determine the values of A and B.
(5 marks)
ii. Test the hypothesis that machine breakdowns and shifts are independent at a 1%
significance level by using the P-value approach.
(5 marks)
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(b) An electrical engineer is studying whether replacing fluorescent bulbs with LED bulbs
reduces the energy consumption of lighting systems in office rooms. To test this, the
engineer measures the daily energy consumption (kWh) of 8 office rooms before and after
switching to LED bulbs. The MINITAB result is shown in Figu-re 2,

Paired T-Test and CI: LED (After), Fluorescent (Before)
Paired T for LED (After) - Fluorescent (Before)

N Mean StDev SE Mean
LED (After) 8 10.813 0.290 0103
8 13,0183 0.348 0.123
8 -2.2000 0.2070 0.0732

Fluorescent (Before)

Difference

99% upper bound for mean difference: -1.9806

T-Test of mean difference = 0 (vs < 0): T-Value = -30.06 P-Value = 0.000

Figure 2: MINITAB output

i. Based on the P-value, test at a 1% significance level whether the LED bulbs
significantly reduce daily energy consumption compared to fluorescent bulbs.

(5 marks)

i, Construct the 90% confidence interval for the mean daily energy consumption.

(5 marks)
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Question 2

(a) The manager of a lemonade bottling plant is interested in comparing the performance of two
production lines. Ten observations are taken from each line, and the MINITAB output is shown

in Figure 3.

Two-sample T for line 1 vs line 2

N Mean StDev SE Mean

Iine 1. 20 B2.40 3.13 0.99

line 2 10 78.00 4.76 145

Difference = mu (line 1) - mu (line 2)

Estimate for difference: 4.40

95% CI for difference: (0.61, 8.19)

T-Test of difference = 0 (vs not =): T-Value = I P-Value = 0.025 DF =B

Both use Pooled StDev = A

Figure 3: MINITAB output

Determine the values of A and B.
(6 marks)
i. Based onthe P-value, test at 5% significant level whether the means of the two production
lines are different.
(5 marks)

(b) The extraction rate of a certain polymer is known to depend on the reaction temperature and
the amount of catalyst used. An experiment was conducted at four levels of temperature and

five levels of the catalyst, and the extraction rate is shown in Figure 4.

ANOVA: Extraction Rate versus Catalyst, Temperature
Source DF SS MS E B
Catalyst 3 2235.79 A Bl oo
Temperature 2 458,58 229.292 B 0.000
Interaction 6 695.08 11.512 [ 0.305
Error 12 101.50 8.458

Total 23 2864.96

S = 2.908 R-5g = 96.46% R-Sgladj) = 93.21%

Figure 4. MINITAB output
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i. Calculate the values of A and B.
(4 marks)
i. Test the hypothesis to investigate the effects of the different catalysts on the reaction

time, using 5% significance level.
(5 marks)
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SECTION B (Total: 60 marks)

INSTRUCTION: Answer THREE(3) questions ONLY.
Please use the answer booklet provided.

Question 1

A biological research company is investigating the relationship between a specific yeast strain's
temperature (x) and the growth rate (y). Table 1 shows the data collected for different
temperatures.

Table 1: Temperature and yeast growth rate

Temperature (°C) 20 25 30 35 40
Growth Rate (cells/hour) 60 90 120 140 160

Given: )" xy =18350

(a) Calculate the least squares regression line to predict yeast growth rate based on
temperature.
(12 marks)
(b) Estimate the yeast growth rate when the temperature is 32°C.

(2 marks)
(c) Determine the correlation coefficient (r) between temperature and yeast growth rate.

(4 marks)
(d) Identify the relationship between temperature and yeast growth rate.

(2 marks)
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Question 2

A chemical company is investigating the effect of three different chemical concentrations (R,
S, and T) on the reaction time (in minutes) required for a particular chemical reaction to
complete. The company records the reaction times in Table 2 for each concentration in
several trials.

2.
Given: 2.2 X; =4353.70

Refer Below - TableZ2 : The reaction time (in minutes) .

Table 2: The reaction time (in minutes)

R S T
18.2 221 19.8
18.5 21.8 19.5
18.0 22.3 20.0

18.3 19.7

(a) Test at 5% significance level,whether there is enough evidence to conclude that the
mean reaction times are different across the three concentrations.

(14 marks)

(b) Construct a 90% confidence interval for the difference in mean reaction time for
chemical concentrations R and chemical concentrations S.

(6 marks)
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Question 3

(a)

(b)

The following measurements were recorded for the drying time, in hours, of a certain brand

of latex paint. Assuming the distribution of the measurement is approximately normal.
34 25 48 29 36 28 33 56 37 28 44 438

Test the hypothesis that the mean drying time is greater than 3.5 hours at the 5%
significance level.
(10 marks)

A researcher is studying the distribution of different species of insects in a certain habitat.
The researcher expects the four species (Q, X, Y, and Z) to be found in equal proportions.

Table 3 shows the frequency of each species the researcher recorded over a month of
observation.

Table 3: The frequency of insects
Species Q X Y Z
Frequency 42 50 34 27

Conduct a Chi-Square goodness of fit test by using a 5% significance level to determine
if the observed distribution of insect species is equally likely.
(10 marks)
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Question 4

(a) A chemical manufacturing plant is evaluating the performance of a newly implemented quality
control system for a specific chemical product. The target specification for the concentration
of a critical component in the product is 45 grams per liter (g/L). A random sample of 36 product
batches produced under the new system is tested, yielding a sample mean concentration of
446 g/L and a sample standard deviation of 1.2 g/L. Determine whether there is sufficient
evidence to conclude that the new quality control system is meeting the target specification for
the concentration of the critical component at 5% significance level.

(7 marks)

(b) Trace metals in drinking water affect the flavour, and an unusually high concentration can pose
a health hazard. Eight pairs of data were collected, measuring zinc concentrations in the

bottom and surface water. Data are shown in Table 4.

Table 4: Zinc concentration

Location Zinc concentration Zinc concentration
in bottom water in surface water
1 0.43 0.41
2 0.26 0.23
3 0.56 0.39
4 0.53 0.41
B 0.70 0.60
6 0.71 0.60
7 0.65 0.63
8 0.58 0.52

Test at 1% level of significance whether the zinc concentration in the bottom water exceeds
the zinc concentration in the surface water. (Hint: D= bottom-surface)
(13 marks)
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PERCENTAGE POINTS OF THE NORMAL DISTRIBUTION

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

equation
P I fxl —is

e S e dt.

100 o Jzp)
If X is a variable, normally distributed with zero mean and FAOR
unit variance, P/1o0 is the probability that X = x(P). The 0 (P
lower P per cent points are given by symmetry as — x(P),
and the probability that | X| = «(P) is 2P/100.

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

50 ©0'0000 50 16449 30 18808 20 20537 o 23263 0’10 3-0g902
45 01257 48 16646 29 18957 I'9 2°0749 09 23656 009 31214
40 025313 46 16849 28 19110 -8 2-096g o8 24089 0-08 3°1559
35 03853 4'4 17060 27 19268 I 21201 07 2°4573 007 3°1947
30 o0°5244 4'2 17279 26 10431 6 2°1444 06 25121 o'06 32389

25 06745 40 17507 25 19600 I'5 2170l 05 25758 0'05 32905
20 0-8416 38 17744 2'4 19774 I'4 21973 o4 206521 0'0x 37190
15 10364 36 17991 2'3 19954 '3 22202 03 27478 0005 3-890b6
10 12816 34 1-8250 2'2 20141 I'2 22571 oz 28782 0001 42649
5 16449 32 18522 2T 20335 I'T  2'2004 o' 3'0902 0'0005 44172



NORMAL DISTRIBUTION

¥

TBLE Al Standard Normal Distribution Function: Ox) = - Sl g
Vi Josa '

x .00 .01 .02 .03 .04 .05 06 07 08 09
0 5000 5040 5080 5120 5160 5199 5239 5279 L5319 .5359
1 5398 5438 5478 5517 5557 5596 5636 5675 .5TM4 5753
2 5793 5832 5871 5910 5948 5987 6026 6064  .6103  .6141
3 H179 6217 6255 6293 6331 6368 6406 6443 6480 6517
4 6554 6591 6628  .6664 .6700 6736 6772 .6BOB 6844 6879
5 6915 6950 L6985 7019 7054 7088 7123 71587 7190 7224
.6 7257 7291 7324 7357 7389 7422 7454 7486 2517 7549
Vi 7580 7611 7642 F673 F704 7734 7764 7794 7823 .7852
.8 7881 7910 7939 7967 7995 8023 8051 8078 8106 8133
.9 8159 8186 8212 8238 8264 8289 8315 8340 (8365 B389
1.0 8413 8438 8461 8485 8508 8531 8554 8577 L8599 8621
1.1 8643 8665 8686 8708 8729 8749 8770 8790 8810 L8830
1.2 8849 8869 8888 8907 8925 8944 8962 L8980 L8997 9015
1.3 9032 9049 .9066 9082 9099 9115 9131 9147 9162 9177
L4 9192 9207 9222 9236 9251 9265 9279 9292 9306 9319
15 9332 9345 9357 9370 9382 9394 9406 9418 9429 9441
1.6 9452 9463 9474 9484 9495 9505 9515 9525 9535 9545
L7 9554 9564 9573 9582 9591 9599 9608 9616 9625 9633
1.8 9641 9649 9656 664 9671 9678 9686 9693 9699 9706
1.9 9713 9719 9726 9732 9738 9744 9750 9756 9761 9767
2.0 9772 9778 9783 0788 9793 9798 9803 9808 9812 9817
2.1 0821 0826 9830 L0834 0838 9842 0846 9850 9854 9857
2.2 9861 L9864 9868 9871 9875 878 L0881 9884 9887 9890
205 0893 9896 L9898 8901 9904 9906 9909 991t 9913 9916
24 9918 9920 9922 9925 9927 9929 9931 9932 9934 9936
25 9938 9940 9941 9943 9945 9946 9948 9949 9951 9952
2.6 9953 9955 9956 9957 9959 9960 9961 9962 9963 9964
27 9965 9966 9967 9968 9969 9970 9971 9972 9973 9974
28 9974 9975  .9976 9977 9977 9978 9979 9979 9980 9981
29 9981 9982 9982 9983 9984 9984 9985 9985 9986 9986
30 9987 9987 9987 9988 9988 9989 9980 9989 9930 9990
31 9990 9991 9991 9991 9992 9992 9992 9992 9993 9993
32 9993 9993 9994 9994 9994 9994 9994 9995 9995 9995
339995 9995 9995 9996 9996 9996 9996 9996 9996 9997
34 9997 9997 9997 9997 9997 9997 9997 9997 9997 9998




PERCENTAGE POINTS OF THE t-DISTRIBUTION

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

equation

P

1

T@v+d [ =

100 Jom T(iv)

t4p) (1 + 12/ vyttt

Let X, and X, be independent random variables having a
normal distribution with zero mean and unit variance and a
X3-distribution with » degrees of freedom respectively; then

t = X,/VX,/v has Student’s t-distribution with » degrees of
freedom, and the probability that ¢t = t,(P) is P/1co. The
lower percentage points are given by symmetry as —¢,(P),
and the probability that |¢] = t,(P) is 2P/100.

P

b L

L

O e~ Ovn
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bt bt e bt

‘074
‘071
‘069
067
-0b6

[

-0b4
‘063
‘0b1
‘obo
‘059
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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 harmonic.
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2-000
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1-960

I

31°82
6965
4'541
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3365
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2:998
z-8g6
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2764
2718
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2-650
2624

2: 602
2:583
2567
2°552
2'539

2528
2518
2508
2'500
2°492

2'485
2'479
2:473
2:467
2:462

2457
2:449
2441
2434
2429

2423
2'403
2390
2358

2:326

o5

6366
9925
5841
4:6o4

4032
3707
3499
3355
3250

3169
3106
3-055
3012
2977

2947
2-921
2898
2878
2-861

2845
2-831
2:819
2-807
2°797

2787
2779
2:771
2763
2-756

2°750
2-738
2728
2719
2712

2'704
2678
2-66o
2617

2576

oI
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22°33
1021
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5893
5-208
4785
4'501
4297

4144
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3'930
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1'646
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3’579
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3467
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3396
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3'319
3307
3261

3232
3160
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636-6
31°60
1292
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6869
5'959
5'408
5'041
4781

4'587
4'437
4318
4221
4-140

4'073
4015
3965
3922
3883

3850
3819
37792
3768
3745

3725
3707
3'6g0
3674
3659

3646
3622
3'601
3582
3566

3551
37496
3460
3373

3:291



PERCENTAGE POINTS OF THE F DISTRIBUTION

The table gives the values of Foy, v, », e 100rr percentage point of the F distribulios having v, degrees of free-
dom in the numerator and v, degrees of {recdom in the denominator,

For each pair of values of v, and »,, Fy, Vit is tabulated for o = 0,05,0.025,0,01, 0,001, the 0.025 values being
bracketed. g

The lower percentage points of the disiribution may be obtained from the relation:-

e 14T
Biaipng = 1B,

e Fognqu g™

VF s, 8,02 7 1 gn = 0351

t%;:? 1 2 3 4 5 6 i 8 10 12 24 w
1 161,04 199.5  215.7  224.6  280.2 234.0 2368 233,9 241,9 243,89 249.0 254.3
(64®)  (Bon)  R64) (9003 (922)  (B3T)  (948)  (937)  (9AL) {9771 (997)  {1018)
4052 5000 5403 5625 5784 5E50 5928 5881 6056 6106 6235 6366

4053 5000*  h404T 5G23* 3TE4* SBS9* 5925 SO81% 6056 6107*  6235* 6166

2 8. 5 19.0 19.2 19.2 19.3 18.3 19.4 19, 4 19.4 19. 4 19.5 19.5
[3#,59F  (3%,0)  (39.2} (39.2) (35.3) (39.3) {39.4) (36.4) {39.4) (39.4) (38, 5) (39.3)

85.5 95,0 9%, 2 84,2 99.3 93,3 09. 4 9494 599. 4 $9.4 88.5 88.5

$OH.5  999.0  99%. 2  95%.2  899.3 890, %  999.4 9904 9954 960 4 $99.5  989.5

3 10,13 9.55 $.28 8,12 9.01 8,094 8,69 4.85 B, 79 a.72 8. 64 8,53
a7.4y (06,00 %40 (5.0 {14.8) 047 (14.6) 14,5 (14,4 (4.3 (14.1)  (13.9)

4.1 i 8 29,5 28,7 28.2 27.9 27.7 27.5 27.2 27,1 26.6 28, 1

157.0  144.5  141.1 137,01 134,86 132.8  131.5 130.€ 129,2 128.3 125,98 123.5

4 7,71 .84 6.59 6. 39 6,26 €.16 6.00 6.04 5,96 5,91 5,77 5.63
L2, 23 G 65) (0,38 (9,60 49,36} {9.200 (9.07) (8.98) i3.84) (B,75) J8.51) (B.26)

21.2 14,0 16.7 16.0 i5.5 15,2 15,0 14,8 14,5 I4.4 13.% 13.5

T4.14 B1.25 56,18 5344 51,71 50.53  49.66 48,00 48.05 47.41 45.77 432,05

5 6.61 5,78 4.4 5.14 5.05 4,95 4.88 4.82 4.74 4.68 4,53 4,38
(10,011 (8.431  {T.781  (7.391  (¥.315) 06,98} (8.83) (6.76) {6.82) (6.52) (6.28) (6.02)

16,26 13,.2%  12.06 11,39 10.97 10,67 10,46 10.28  10.05 9.89 9,47 9,02

4716 37.1% 33,20 31.09  29.75 28,83 24,16 27,65 26,082 26.42 25,14 23,79

6 5.49 5,14 4.76 4.33  4.39.  4.28B 4,21 4.15 4,08 4,00 3.84 3,67
(B.61)  (T.26% (B, {6,23] (5.99) (5.81} (5.70) (5.680) (5,46} (5.37) (5.12) (4.8%)

13,74 10,92 9.78 9,15 8.75 a.47 B. 26 8.10 7.87 7.72 T.31 6. B

35,51 #7.00 23,70 21.82 20,80 20,03 10.48 16,03 1B.41 17,99 16.80 15,75

¥ 4,50 4.74 4.15 4,12 31.47 3,87 3.78 .13 3. 64 3,57 3.41 3.21
1B, 07} 8.354)  (5.89)  (5.52) {5.28) {5.12) (4.90) {4.80) (4.76) (4.67) (4.42) (4. 14]

12,25 %55 8.45 7. 45 7.46 7.1% B. 89 8, B4 6.62 6,47 6,07 5,65

29,25  21.6% 18,77 17.20 18.21 15,52  15.02 14,8% 14,08 13,71 1273 1170

K 5,32 1,46 4,07 1,64 3.68 3. 58 3.50 3,44  3.35 3.28 3,12 2,93
(7.57)  (B.08Y  {5.42% {5,090 (4.82)  [4.63) (4.53) (4.43) .30) (4,20} (3.93) (3.67)

11.26 R, 65 7,58 7.01 6.83 g, 37 6,18 6.03 5,81 5.67 5,28 4.86

25 42  18.48 15,83 14,39 13,48 12.86 12,40 12,05 i1.54 11,19 10,30 4.

o 5,12 4.26 3,86 3,83 1.43 .37 3.2  3.23 3,14 3.07 2.90  2.7m
(7.21)  (5.71)  15.08) (4,72} 4.48)  (4.32) {4,200 (.00 (3.96) {3.87) (3.81) {433}

15, 58 #, 00 £.99 G.42 &, 08 5,80 5.61 5,47 5,26 5.11 4.73 4,31

23 B8 18.38 13,80 12,56 I1.71 1,13 1D.69  10.37 9,87 8,57 a.72 7.B1

19 4,96 4.10 3.71 3. 48 4,33 3.22 3.14 3,07 # 98 2.01 2.74 .54
16,94} 13.46)  4.83)  (4.47)  {4.24) (4.07T) i3.05} {3.B5) (3.72) {8.62) (3.3T) {(3.0D

10, 04 7,56 B.55 5.49 5,64 5.39 5.20 5,08 4.85 4.71 4.33 3.8

21,04 14,01 12,53 11,28 10,48 8.93 9.52 9, 20 8.74 B.44 7.64 6.178

11 4. 84 3,08 1.59 3. 36 3.20 3.0% 3.01 2,45 2,85 2.78 2.61 2,49
6,721 (5.26) (4,63} {4.28) (4.04) (3,88} {3.78) (3.86) (3.83) (3,48 {317} (2.88

9,65 7.21 6,22 5,867 5.32 5,07 4. 6% 4.74 4,54 4,40 4,02 3,60

(9.6 13,81 11,56 10.35 4. 58 3.05 &, 66 8.35 7.92 7.63 6. 83 §.00

12 4,75 3.89 3.49 3. 26 3,11 3.00 2.9 2,85 2.75 2.68 2.51 2,30
{6.53) (5.100  5.47) 120 A% (373} (36D (351 8.37)  i3.28]  @3.02) @72

9,13 6.91 5,05 5.41 5,06 4. 52 5.64 4,50 4,30 4,16 3.78 3.36

12,64 12.97 10,80 8,61 8.88 B. 38 a.00 7.71 7.29 7.00  6.25 5, 42

13 4,87 1.81 3041 3,14 3.09 2,82 2,83 297 2.87 2,60 2.42 2.21
6,410 14.97)  (4.35  (4.000 {3.77)  (3.60) (3.48)  (3.3%) {3.25) (3.15) (2.68) (2.6%:

8,07 6.70 5. 74 5,21 4, 66 4.82 4,44 £.30 4,10 3.96 3.5% 3.17

17,82 12.31 10.21 8.33 7. 86 1,48 7.21 5,78 4.97

9.07

&, 80

§.62

* Entries marked Lhug must e multiplied by 100



2 1 2 1 4 5 8 ¥ E 10 12 24 &
RPN, B TP
14 4,80 3.4 3,34 311 2.9 2,85 2.7 2,70 2.60 2.53 2.35 2.13
(6.30)  {4.88) (4.24) {3.83) (3.866) (1.50) (3.33) (3.29} (3.15) (3.03) (2.73) {2.4D)
B.BS 6,351 5, 66 5.04 4,70 4.4& 4,28 414 3.84 3.0  3.43 3.00
17,14 1178 5,73 8. 62 7.92 7.4 7.04  B.80  6.40  £.13 5.41 4.60
16 4.49 3.43 3,24 3.01 2,85 2.1 2,66 2.9 2.49 z.42 2.24 2.01
{6.12) 14.60) (4,08) (3.73) (3500 (2.84) i3.22) 3.12) (2.99) (2.BH) {2.63) {2.39)
B, 53 6.23 5,28 4.77 444 4.20 4.03 3.3 3.8 .55 3,18 2,95
16,12 16,87 .M 7.84 7.27  6.B0  6.46 5.1 5,81 5,55 4,85 4. 086
16 4.41 3.45 3,16 2,93 2.17 2,66 2.5 2.31 2.41 Z.34 2.15 1.42
{5.08) {4.56) (3.9%) (3.61) (3.38) {3.22) (3.10) 3.01) i2.87) (2.1 {2.50% (2.14)
B. 29 6. 01 5.09 4.58  4.25 4.M 3.84 LM 4,51 3.37 3.00 2.57
15,88 10,38 £.49 7,48 681 £.35 B.0¢ 5.7 5,49 5.13  4.45 3.67
20 4,14 349 3.10 2. 687 2.1 Z.80 2.51 2,45 2.3 2,28 2.08 1.64
{5.67T)  (4.46)  3.E6)  {3.51) (3.28) (8.13) B.01) 12,930 (2.97)  {2.68)  (2.41) (2.09)
8.10 5.85 4,94 4.43 410 3.87 .70 3.36 3,47 3.23 2.3 2.42
14.E2 9. 95 8,10 7.10 .46 6. 02 5.6% F.44 5.08 4.82 §.15 3.38
22 4,30 3.44 3, 0% 9,88 2.66 2,55 2.46 2,40 2,30 223 2.903 1.74
(5.70y (438} (3.79) {3.44) 13.22p (3.05) {(2.93] (2.84) 2.70) i2.6D) {2.33} (2.00)
145 5,78 E .31 3.98 1.76 3.58 3,45 3.8 312 2.7 2.3
14,96 8.61 7.0 6.81 6.18 5.7 .44 5,19 4.83 4.58 3.92 .15
F2 | 426 3,490  3.01 2.76  2.62 2,51 2,42 2.3 2.25 2,18 1.498 1.73
19.72)  (4.32) (3.72) (3.38) 13,15} i2.69) {2.87) (2.78) (2.84) 2.54] (2.2T) ({1.94)
7.82 561 %.72 4.22 3.90 3.&7 3.50 3.36 317 5.08 2 66 2.7
14,03 9, 34 7.55 6.5  5.98 5.55 5.2% 4.8 4,84 4.39 37 2.97
26 4,23 3.8 2.8 2.1 2.58 2,47 2.3 2.12 2.22 2.15 1.95 1.89
1666 (4.27)  (3.67)  (3.33) (3.10) {2.84) (2.83) {2.73) (2.59) {2 43 {2.22) (1.BB)
7.7 8,521 4.64 4.14 3.82 5. 59 3.4z 3.2 3,08 2.98 2,58 2.13
13.74 812 7.6 B.41 5.80 5. 38 5.07T  4.B3 4,48 4.24 3.58 2.82
24 4.20 3.34 2.495 2.71 2.58 245 2.36 2,20 2,19 2,12 1,81 1.65
15.81)  €4.22) (3.83) {3.29) (3.06) (2.90) (.76} (2.69) (2.5} 42.48) (2.17) {1.83)
7.64 5.45 4,57 4. 07 3.75 3,53 .36 823 503 z.e0  2.52  2.08
14,50 K. 94 7.18 6.25  5.86 5.24 $.93 £.69 4,35 4.11 3,46 2. 69
30 4.17 342 2.492 2. 69 2.53 2.42 2,33 z.2t 2,18  2.09 1.89 1.62
{5.97y  (4.18)  3.50)  (3.23) 13.03) i2.87) (2.75) {2.65) {2.51) {2.41} (2.14) {1.79)
7.56 5,30 4.51 4,02 3.70  3.47 3.30 317 208 2.84 2.47 2.01
13.29 B.77 7.05 5.12 3.53 5.12 4.82 4,58 4,04 4,00 3.36 2,59
40 4. 08 3.23 2. 84 2.61 2.45 2.34 2,25 2,18 208 2,00 1.7 1.51
§5,42) 4,05 (3.46)  (3.13) 02,900 (2.74} (2.82) {Z.53) {2.30) (2.20) (2,01} (164}
cE | 518 4.1 3,53 1.51 3.29 3,12 288 2.80 2.66 2.89 1.80
12, K1 625 6. 54 5,7 3,13 .93 4.44 4.2 387 3.64 3.0 2.23
60 4.0 3,15 2.6 2.8 2.3 2.25 2,1% 2,10 1.99 1.92 1.70 1.39
.2wl (3.8l (3.34) Q.0 2,79 (2,63} (2.51) {2.41) {2.27) (21T (1.88) (1.48)
7. 08 4.88 4.13 3.65 1,32 3.12 2.5 2.82  2.63 250 2,12 1.80
11,97 7.%17 617 531 4,76 4.37 4.03 3.6 354 3,32 2.69 1.89
120 392 2.07 268 2,43 2,29 2.18 2.0 2,02 1.01 1,83 1.61 1.25
(6,150 (3. B0) {3.23) (2.83) (2.67) (2,92} (2.98) {2.30) +{2.18) (2.05) (1.76) (1.31)
G.85 4.749 3.95 3.43  3.17 2.96 2.79  2.66  2.47 2,34 1.95 1.38
11.38 7.32 3.78 4,85 4,42 4,04 4.7% 3.6 3.84 3,02 2,40 1.54
= 3. 84 .00 2.40 2.37 2.21 2,10 201 1.04 1.83 1,75 1.52 1.00
{5.02) 13,690 13,12)  (2.9%) 2.5 (2,41} 12.28) {219 12.08) {1.84) {1.64} (1,00)
BB} 4.81 3,98 3.32 3.402 2.80 2,64 2.51 2.32 2.18 1.79 1.0G
10,83 501 5.42 462 4,10 3.74 447 F.2T  2.96 2,74 2.13 1.00




Degrees of
Freedom

50
90

100

Chi-Square () Disteibution
Area to the Right of Critical Value

0995 099 0975 095 080 010 005 0025 001  0.005

- — Ol 0004 ODI6 2706 3841  SO24 6635 78M
0010 0420 0051 0103 0211 4605 5991 7378 9210 10597
0072 0115 0216 0352 0584 6251 78IS 9348 11MS 12838
0207 027 0484 0711 1064 7779 9488 11143 13277 14860
0412 055 0831 1145 1810 9236 11071 12833 1508 16750
0676 0872 1237 1635 2204 10645 12592 14449 16812 18548
0980 1739 1690 2167 2833 12017 14067 16013 18475 20278
1344 1646 2180 2733 3490 13362 15507 17535 20090 21955
1735 2088 2700 3325 4168 14684 16919 19023 21666 23580
2156 2558 3247 3940 4865 15987 18307 20483 23209 25188
2603 3053 3816 4575 5578 17275 19675 L9200 2475 26757
3074 3571 4404 5226 6304 18540 21026 23337 26217 28209
3565 4107 5009 5892 7043 19812 22362 MM 27888 29819
4075 4660 5629 6571 7790 21064 23685 26119 20141 31319
4601 5229 6262 7261 8547 22307 24996 27488 30578 32801
5142 5812 6908 7962 9312 2352 26296 28845 32000 34267
5697 6408 7564 867 10085 24769 27587 30191 33409 3578
6265 7015 8231 9300 10865 25989 28869 31526 34805 37156
6844 7633 807 10117 11651 27204 30144 32852 36191 38582
7434 8260 9591 10851 12443 28412 31410 AT 37566 20997
8034 8897 10283 11501 13240 20615 32671 35479 38932 41400
8643 0542 10982 12338 14042 30813 33923 36781 30289 42796
9260 10.196 11.689 13.091 14.848 324007 35172 3B8.076 41,638 44.181
0836 10856 12401 13848 15650 33196 36415 39364 42080 45550
10520 11524 13120 14611 16473 34382 37652 40646 44314 46928
11160 12198 13844 15379 17292 35563 38885 41923 45642 48290
11808 12879 14573 16151 18114 34741 40113 43194 46963 49645
12461 13565 15208 16928 18939 37916 41337 44461 48278 50993
13121 14257 16047 17708 19768 39087 42557 45722 49588  §23%
13787 14954 16791 18493 20509 40256 43773 46979  S0892 53672
20707 22164 24433 26509 20051 S1L805 55758 59342 63691  66.766
27991 20707 32357 34764 37689 63167 67505  TLA0 76154 79.490
35534 37485 40482 4388 46450 74397 79082  S3298 88379 919:
43275 45442 48758 S1739 55329 88527 90S3T  9SA23 100425 104218
SL172 53540 5753 60391 64278 96578 101879 106629 112329 116321
50.196 61754 65647 69126 73291 107565 113145 118136 124116 128209
67.328  J0065 74222 77929 82358 118498 124342 129561 135807 140169



