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QUESTION 1

1. A researcher wants to compare the effectiveness of two different teaching meth-

ods for three different class sizes. The data on the student’s score on a stan-

dardized test were collected and analyzed using SPSS. The following ANOVA

table is part of the output from that analysis.

o Sum of | Degrees of Mean )
Source of variation F-ratio
squares freedom squares
Between treatments 220 )
Factor A 120 1 120 24
Factor B 20 2 10 2
A x B Interaction 80 2 40 8
Within treatments 120 24 )
Total 340 29
(a) What are the treatments in this experiment? How many? [4 marks|
(b) Which one is factor A? Which one is factor B? [4 marks]
(c) How many scores were used in the experiment? [4 marks]

(d) Using the 1% level of significance, examine the significance of

(i) the teaching method.

(ii) class size

[4 marks]

[4 marks]

(ili) the interaction between class size and the teaching method. [5 marks]



QUESTION 2

2. Five automobiles were used in an experiment designed to compare the mileage

per gallon obtained by 3 competing brands of gasoline and the following data

resulted.
Gasoline
Automobile A B C
1 21 23 22
2 25 26 24
3 29 30 29
4 32 34 32
5 18 24 22
(a) Identify the dependent variable, factor studied and factor levels. [5
marks]

(b) Complete the computation of the ANOVA table and conduct the F test.

Clearly state all the steps in the test including the conclusions. [20 marks]



QUESTION 3

3. To see whether a Widbely used food preservative contributes to the hyperactivity
of preschool children, a dietician chose a random sample of 10 four year-olds
known to be fairly hyperactive from various nursery schools and observed their
behaviour 45 minutes after they had eaten measured amounts of food containing
the preservative. In the table that follows, X is the amount of food consumed
containing the preservative (in grams) and Y is a subjective rating of hyperac-
tivity (on a scale of 1 to 20) based on a child’s restlessness and interaction with

other children.

X |36|82]45|49 (21|24 |58 73|85]52
v|6 |14 5 |13/5]|8|14]11|18] 6

(a) Find the least squares regression line. [5 marks]

(b) Use the equation in (a) to estimate the hyperactivity rating of a child that

had 65 grams of food with the preservative 45 minutes earlier. [2 marks]
(c) Interpret the estimated values of By and f3;. [4 marks]

)
(d) Find the coefficient of determination and interpret the result. [5 marks]
e) Compute o2 [5 marks]
)

(
(f) Test the hypothesis Hy : 8; = 0 against H; : B; # 0 at a significance level
a=0.05 [4 marks]



QUESTION 4

4. The following table shows how many weeks six persons have worked at an au-
tomobile inspection station and the number of cars each one inspected between

noon and 2 P.M. on a given day.

Number of Number of

weeks employed cars inspected

X Y

2 13

7 21

9 23

1 14

5 15

12 21
(a) Find the least squares regression line. [7 marks]
(b) Compute o2 [5 marks]

(c) Test the null hypothesis 8; = 1.5 against the alternative hypothesis 5 < 1.5
at the 0.05 level of significance. [3 marks]

(d) Construct a 95% confidence interval for the slope ;. [5 marks]

(e) Construct a 99% confidence interval for the mean hyperactivity rating of
a four year old at one of the nursery schools 45 minutes after he or she has

eaten 60 grams of food containing the preservative. [5 marks]|



5.

QUESTION 5

(a) What is Simple Linear Regression Model? Discuss the main purposes of

fitting this model. [5 marks]

(b) Find the point estimators of two regression coefficients using Method of

Least Squares. [5 marks]

(c) Discuss Regression Analysis and Analysis of Variance in terms of their

similarities and differences. [5 marks]

(d) Define a two-factor ANOVA Model and state its important features. [5

marks|

(e) Suppose there is only one case for each treatment. What would be the new

form of the model defined in question (b) ? Explain [5 marks]

END OF EXAMINATION
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" TABLE A.2 luded) Pexcentiles of the ¢ Distribution
TABLE A.2 Percentiles of the ¢ Distribution -
Entry is £(A; ¥) where P{t(¥) S r(A; M} = A
tA; )
A A
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22 0.256 0512 0.859 1.061 1.321 1.7 2074 2 21m 2313 2.300 2.6 2.807 3,104 3.768
pi] 0.256 0.532 0.838 1.060 1319 1714 2.069 2 1M 2.3 2492 2.620 2997 3.091 3.745
b)) 0.256 0.531 0.097 _.% “w"" "wﬁ w.ﬂh 25 2.167 2.301 2488 2.612 177 on 3ns
25 0.25% 0.931 0.858 1. . . 2 216 229 1479 2608 P, 3.067 3700
26 0.2% 0331 0.558 1.03 1313 1.706 2.086 7 2:158 2.91 2473 2.598 T 3.057 3.80
n 0.25% 0.531 0.153 1.087 1314 1m0 2,02 n 2.154 2.286 2.467 2.592 2.76 3.047 3.674
0 0.256 0.530 0.853 1.056 1313 1.701 2.048 » 2.150 2.202 2462 2586 2736 3.038 3.659
E] 0.256 0.530 u “ “.Nw “w“a—. “ﬂ w“w . 0 2.147 .1 2.457 230 2750 3.0%0 3.646
% | oms 033 : - - w0 | L 220 4B 232 2M 29m 1381
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TABLE A.3 Percentiles of the y? Distribution : . TABLE A.4 P tiles of the F Distibution
Entry is xyX(A; ») where P{x*(») S x*(A; »)} =
Entry is F(A; n, 1) where P{F(n, w) S F{A; . ml = 4

.. o L ——i
(A:vem N TEY T

.003 o0 025 .05 .10 900 950 978 990 .99s

<

0.0*393 0.0°157 0.0°982 0.0*393 0.0158
0.0100 0.020t 0.0506 0.103 0.21]

0072 OIS 0216 0.352 0.584
0207 0297 0484 0.711 1.064

X 03534 0831 11435 161
‘fo67 0872 124 1.4 220
0919 124 1.6 217 283
134 165 218 273 14
173 209 20 133 407

10 {216 236 325 354 40
11 260 .05 32 457 588
12 [3.07 3357 440 523 630
13 | 357 4l 3.0l 389 .04

B -
°
>
]

14

13 626 726 b3S 2149 3038 3280

16 6.91 19 9.3 2085 200 M7 .
17 73 067 1009 009 3341 172 .
" 23 939 10.86 .53 Met 3716

19 491 1012 1188 3285 3619 S8

20 9.59 10.85 1244 34.17 3737 40.00

2] 1028 1199 1224 iS4 39 44

2 1098 1234 1404 3678 4029 42.30

i) 1169 13.09 1488 3508 4164 4400

24 1240 13.85 15.66 3936  42.98 4536

28 1312 1461 1647 MM 3763 4065 443 469

15 1384 1538 17.29 35356 3809 4192 4564 4029

27 1457 1615 18.11 3674 4001 4319 4696 49.64

n 1531 1693 18.94 1792 414 M46 4020 309

2 1603 1771 1977 3909 42356 4572 4999 2.M

. 30 1679 1049 2060 4026 4077 4698 35089 5167 *

40 44 2631 2903 181 5376 3934 6189 66.77

50 3236 3476 37.69 617 6150 7142 7615 19.49

60 4043 4119 4546 7440 908 8130 8838 9195

0 4476 514 5503 83.53 9051 9502 1004 1042

] 57.15 6039 428 96.58 1019 1066 112.3 1163

90 63.65 6313 7329 1076 1131 1180 140 128
100 422 7193 8.3 1185 143 1296 1358 1402 -

Sourcw: Repricted. wish permlssion. from C. M. Thormpson, **Thisla of Perczatags Polms of the Chi-Square

Dlawribution.** Slomesrike 32 (1941), pp. IN-B9.




TABLE A4 ; of the F 1 TABLE A.4 ¢ of the F Distribution
Numensor ¢f Numsrtor df
Des. Den.
Py 1 2 3 4 ] 6 7 [] 9 da 4 10 12 7] 20 2 30 60 120 «

1 .50 174, 182 189 L%4 198 200 203 1 .50 204 207 209 212 213 245 247 218 220
90 336 55.8 512 582 589 94 9.9 .90 60.2 60.7 61.2 61.7 62.0 613 618 6).1 63.)
93 26 NS B0 234 BT 19 4l 93 U1 244 M6 MB M9 250 283 253 284
975 264 900 922 937 948 957 96) 973 969 m 9 993 997 4,000 1,010 1014 1018
9 5403 5625 5764 5839 5920 5981 6012 . 9 6056 6,106 6,157 6209 6215 6,261 633 6319 6366
993 21,615 22500 21056 2,437 23,715 23,925 24,091 995 | 24224 U4 U600 UL 4390 25044 25251 215359 25464
999 540,380 362,500 576,400 585,540 392,870 398,140 602,280 999 1 605,620 610,67 615,760 620,910 623,500 626,100 631,340 633,970 636,620

2 .50 L3 L2012 128 130 132 13 2 %0 1M 136 18 139 140 14l 143 14D 144
.50 9.16 924 9.29 .3 9.35 9.37 9.38 50 9.39 9.41 9.42 9.44 9.45 9.46 9.47 9.48 9.45
95 19.2 19.2 19.3 193 194 19.4 194 .95 194 194 194 194 19.5 19.5 193 19.5 19.5
‘975 9.2 392 .3 978 394 9.4 94 39.4 39.5 9.5 9.5 3.5 3.3
99 99.2 99.2 99.) 99 9.4 9.4 934 9.4 9.5 9.5 9.5 99.5 99.5
993 199 199 199 995 19 199 199 199 199 199 199 199 200
999 9992 992 993 999 | 9994 9994 9994 - 9994 9995 9995 9995 9995 9993

3 %0 1.00 - 1.06 L10 3 .%0 118 1.20 1.2l 1.23 1.0 1.24 1.2 1.26 .27
950 539 5.4 5.3 .50 523 2 5.0 518 pAL ] 5 515 514 513
93 9.28 9.12 9.0) 95 (%) 8.74 Ln 8.66 .64 s.62 8.57 8.55 .51
978 154 15 149 973 144 14.3 143 14.2 14.1 4.1 14.0 139 139
9 %5 207 282 99 72 270 269 267 266 265 263 262 )
‘998 413 462 454 993 A7 4 40 28 426 425 421 420 48
999 1410 130 1M.6 99 1292 1283 1274 1264 1259 1254 1245 1240 123.5

4 .50 0.941 1.00 1.04 4 .50 [B)] 1.13 114 115 116 116 1.8 118 1.19
950 4.19 4.11 4.08 S0 392 3.9 EX 1) s 1.8 a2 E N am 376
‘o8 639 639 626 93 596 S91 S¥6 SBO 57T 575 369 S66 63
978 9.98 9.60 9.36 978 8.54 .73 8.66 8.56 a.s1 .46 8.36 3l 8.26
99 16.7 160 15.5 99 14.5 144 14.2 140 13.9 138 137 136 13.5
‘993 u3 2 s 993 20 207 204 202 200 199 (9.6 195 193
‘999 62 34 ST 999 ARl 474 460 461 450 454 44T 444 44

3 %0 0528 0799 09507 0.965 1.00 5 .50 1.07 .09 1.10 L 112 L2 (Bl 114 LIS
90 4.06 in .62 12 343 50 330 i 124 p ¥4 19 7 4 n n
95 6.61 5.9 541 5.19 5.08 .95 4.7 4.60 4.62 4.36 453 4.50 44 440 4.37
978 10.0 8.4 1.76 1.3 115 9713 6.62 6.52 6.4) 6.) 6.28 623 6.12 6.07 6.02
9 163 133 124 11.4 1.0 99 10.4 9.89 .72 9.35 9.47 9.3 9.0 9.11 9.02
995 2.8 18.3 1683 15.6 149 995 1.6 14 130 129 128 12.7 124 123 124
999 412 T 3.2 k1N 9.8 999 269 264 25.9 254 2810 49 p R 4.1 248

6 .30 0515 0730 0886 0942 0977 1.02 1.03 1.04 6 .50 1.08 1.06 Lo7 1.08 1.09 Lo 2]} 1.12
90 .46 129 318 l 3.0 298 258 50 294 290 287 . 1.8 1.0 2.76 .74
95 5.14 4.76 4.9 439 4.21 415 4.10 93 4.06 4.00 394 kX 1) i 8 I 0
973 1.26 6.60 6.2) 5.99 5.70 5.60 5.52 975 546 .37 s 517 mn 5.07 4.96 4.90

99 13.7 10.9 9.7 913 873 .26 8.10 798 . 99 1.8 112 756 740 7.3 71.2) 7.06 6.97
995 18.6 14.5 12.9 12.0 1.5 108 106 104 993 10.2 100 9.81 9.59 .47 9.36 9.12 9.00
999 335 210 237 19 208 195 190 183 999 4 180 176 171 169 167 162 160
7 .30 0506 0767 0871 0926 0960 0983 1.00 1.02 7 .50 103 1.04 1.05 1.07 1.08 1.9 1.10
50 3.3 326 o7 296 288 248 278 R 90 2,70 2.67 2.63 1 2.36 251 249
93 539 474 435 412 397 3 36 .95 Je4 15T 31 M 338 1% 327
97 8.07 6.54 .52 529 512 499 482 975 4.76 4.67 4.57 4.47 4.36 425 4.0
99 122 9.35 7.85 1.46 119 699 6.712 - K. 6.62 647 6.3t 6.16 5.9 5.82 574 5.63
995 162 124 1.0 952 9.6 889 X1 993 838 18 197 138 53 13 L9 708
999 22 2.7 172 162 155 150 146 143 999 41 137 33 129 123 120 N9 N7




TABLE A4 ( inued) P iles of the & Dutribution
Numemtor df
Den.
daf 4 1 2 3 4 s 6 7 [] 9
8 .50 0499 0757 0.860 0915 0948 0971 0.98 1.00 101

1ADLE A% (

L3 OL \0G £ L

Numerator df
Den
a4 10 12 1 0 24 W 0 12X o
8 .50 1.02 1.03 1.04 1.08 1.06 1o .08 Los 109
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TABLE A.4 (continued) Percentiles of the F Distribution TABLE A4 {uded) P iles of the F D
Numesator df Den Numerstordf N
Den 3 '
. 20 4 30 © 10 @
af A ) 2 3 4 s 6 7 . 9 a 1 o2 b 2
- 0 30 09355 0965 0978 0989 09% 10 101 102 102
0 .50 [ 0486 0709 0.807 085 0912 0927 0939 094 . ' ¥ %0 182 131 Lm 161 164 161 154 150 146
90 288 249 228 205 198 193 188 )8 95 216 209 200 19 189 184 174 168 1.8
93 47 332 29 33 242 233 117 12 W1 | st Zer 231 220 14 207 L% 18T 1B
815 | 557 4l 339 103 281 278 165 1987 » 298 184 2710 258 247 239 121 21t 101
99 756 539 431 10 347 330 L7 37 99s | 3 38 do1 282 273 26 242 23 218
995 | 9.8 635 524 4 395 174 338 348 w99 | 424 400 375 349 336 32 292 276 199
999 133 [ &2} 7.08 5.53 5.2 4.02 4.58 4.3
. 0945 09% 0967 0978 0983 0989 100 L0110l
6 .50 | 0461 0701 0798 0849 0850 0501 0917 0920 0937 @ .“ LI Les 160 LS4 1Sl 148 140 LIS 1D
90 279 239 218 204 195 187 182 ITT I 95 199 152 184 LIS 10 165 133 147 1L¥
95 400 3as 276 233 237 215 217 110 204 915 | 227 217 206 154 188 1B 167 158 148
915 | s29 393 334 301 279 260 2351 241 233 ) 263 25 235 220 2i12 203 184 LB 180
k) 708 495 413 365 )3 112 295 281 172 995 | 290 274 257 239 2219 119 196 1.8} 169
993 849 580 473 -404 276 349 1D 33 301 999 354 332 308 283 269 255 225 208 1M
999 12.0 m 6.17 $.h 4.76 4.37 4.09 1.86 3.69
12050 0939 0950 0961 0972 0978 0983 o094 100 10
120.50 |[0458 0697 0793 0844 0675 089% 0912 0923 %0 L6S 160 155 148 145 14 132 126 LIS
50 275 235 13 1% 1% a2 L1 1n 93 191 183 175 ie6 16t 155 143 135 128
93 392 307 260 245 229 118 209 22 975 | 216 208 195 182 176 169 153 143 1)
973 sis 380 323 289 267 152 13 130 99 247 2134 219 203 195 186 166 LS} 1.8
99 685 479 393 ..“” w m w“ wu W 66 993 271 254 237 249 209 198 LIS L6l 143
993 818 34 430 - 3 93 3. 302 278 253 240 226 195 L7714
999 14 732 578 453 442 44 IT? 338 9 o
. 093¢ 08435 095 0967 0972 0978 0989 0954 100
o .50 0691 0789 0.839 0.891  0.907 0.918 ° ‘ﬂ 160 155 149 L4z 138 134 124 117 100
.50 230 208 194 oo e 95 183° 17s 167 157 152 146 132 122 100
93 00 260 237 210 200 184 ‘975 | 205 1e4 1B} LM 164 1sT 139 127 LW
973 36 312 2719 241 229 219 2.4 9 232 218 206 1.88 L7 L70 147 132 100
..Su “ un_. u“ w .ww w.ﬂ w.ﬂ wﬂ wm 995 | 252 236 219 200 190 179 183 136 100
99 . . : . . 96 2 251 227 213 199 166 145 100
99 691 3542 482 i 341 371 o 99 | 286 2
Soures: Reprintod from Table § of Pearson a0d Hastiey, Blomarrika Tables for Sssivians, Yolume 2, 971, pub-
EEEEEEI:E!E.EEIFEE.EEEEEE;
lighers.




