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Question 1 [20 Marks]

To determine the extent of lead pollution, the concentration of lead of in a paint chip and drinking
water were determined and the following data was obtained.

Replicate 1 2 3 4 5 6 7 8 9 10
Drinking water | 2.002 | 1.996 | 2.000 | 1.995| 1.999 | 1.987 | 2.010 | 2.014 | 2.007 | 2.004
(ppm)
Paint chip 1001.9 | 989.0 | 1020.4 | 996.1 | 1002.4 | 990.0 | 1019.4 | 991.3 | 999.2 | 1002.4
(ppm)
1. State the hypotheses to be used in comparing the results [4 Marks]
ii. Identify the statistical tests to be applied in testing the hypotheses [4 Marks]
111, Apply the statistical tests in (ii) above and provide a conclusion [12 Marks]

Question 2 [20 Marks]

1. After the application of a new fertilizer, a maize plantation is expected to give a yield of 12
bags per acre. The fertilizer was tested on 10 randomly selected farmers and the yields
(bags/acre) were recorded as 10.9, 12.0, 14.3, 13.1, 12.6, 13.7, 11.4, 12.0, 13.7 and 12.6

a. Describe the null and alternate hypotheses [4 Marks]

b. Do the results conform to the expectation? [6 Marks]

c. Determine the 95% and 99% confidence limits for the data [3 Marks]

il Explain the difference between the Dixon’s Q test and Grubbs Test [3 Marks]
1ii. Determine whether the data above contains any outliers at the 95% and 99% CL

[4 Marks]

Question 3 [20 Marks]

The use of teaching aids have been theorized to improve the quality of teaching STEM subjects in
high schools. A masters student intends to base his research on this theory and use the design of
experiment software to guide the data collection

1. Identify the possible research problem for the study and hypotheses [3 Marks]
ii. Identify the factors to be studied (support your answers with valid arguments)
[12 Marks]
iil. Identify the suitable factorial design and the number of runs for the full factorial design
[5 Marks]

Question 4 [20 Marks]|

k Explain the importance of a research design [3 Marks]
ii. Differentiate between population and sample [2 Marks]
1ii. Suppose we were interested in determining if there were differences in the average prices

among two local supermarkets. We randomly pick six items to compare at both



supermarkets. Which statistical procedure would be best to use for this study under the
following conditions?

a. The same six items were compared [2 Marks]
b. Different six items were compared [2 Marks]
iv. The following are three sets of data for the atomic mass of antimony from the work of Willard
and McAlpine:
Set 1 Set 2 Set 3

121.771 121.784 121,752
121.787 121.758 121.784
121.803 121.765 121.765
121.781 121.794

a. Use the t test to determine whether the mean of data set 3 is identical to that of data set

1 at the 95% confidence level. [4 Marks]
b. Pool the data and determine the overall mean and the pooled standard deviation.
[7 Marks]
Question 5 [20 Marks]
1. Explain three sources of error on the analytical measurements and strategies to minimize
them [6 Marks]
il. During a routine analysis of water quality in a wastewater treatment plant, describe an
instance of error propagation [2 Marks]
iil. A random sample of 20 observations produced a sample mean of x =924 and s = 25.8.
Determine the standard error [2 Marks]
iv. Perform a one-sample t-test using the following statistics:

n=35 x=3.871 s=0.679
Determine whether the null hypothesis (p = 5.0) is accepted at the 5% and 1% levels
[10 Marks]
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Critical Values of G

Gcrit
90% C.L. 95% C.L. 99% C.L.
1.1.53 1.154 1.155
1.463 1.481 1.496
1.671 1.715 1.764
1.822 1.887 1973
1.938 2.020 2.139
2.032 2.127 2.274
2.110 2.215 2.387
2.176 2.290 2.482




student's T Critical Values

[ Conf.Level | 50% | 80% | 90% | 95% | 98% 99% |
One Tall | 0.250 | 0.100 | 0.050 | 0.025 | 0.010 0.005
Two Tail | 0.500 | 0.200 | 0.100 | 0050 | 0020 | 0010

daf=1 | 1.000 | 3.078 | 6.314 12706 | 31.821 | 63.657
2 | 0816 | 1886 | 2.920 4303 | 6965 | 9.925
3 | 0.765 | 1638 | 2.353 3182 | 4541 | 5841
a 0741 | 1533 | 2132 | 2776 | 3747 | 4604
5 0727 | 1476 | 2015 | 2571 | 3365 | 4032
6 | 0.718 | 1.440 | 1943 | 2447 | 3143 | 3707
7 | 0.711 | 1.415 | 1.895 2365 | 2998 | 3499
g | 0706 | 1.397 | 1.860 | 2306 | 2896 | 3.355
o 0703 | 1383 | 1833 | 2262 | 2821 | 3.250
10 0700 | 1372 | 1.812 | 2228 | 2764 | 3.169
11 | 0607 | 1363 | 1.796 | 2201 | 2718 | 3.106
12 [ 0695 | 1356 | 1782 | 2179 | 2681 | 3055
13 | 0694 | 1350 | 1.771 | 2160 | 2650 | 38012

& 14 0692 | 1345 | 1.761 | 2145 | 2624 | 2977

15 0691 | 1341 | 1758 | 2131 | 2602 | 2947
16 | 0690 | 1337 | 1746 | 2120 | 2583 | 2921
17 0689 | 1333 | 1740 | 2110 | 2567 | 2898
18 | 0.688 | 1.330 | 1.734 | 2101 | 2552 | 2878
19 | 0688 | 1.328 | 1729 2093 | 2539 | 2.861
20 | 0687 | 1.325 | 1.725 | 2086 | 2528 | 2845
21 | 0686 | 1323 | 1.721 | 2080 | 2518 | 2831
22 | 0686 | 1.321 | 1.717 2074 | 2508 | 2819
23 | 0685 | 1.319 | 1.714 | 2069 | 2500 | 2807
24 | 0.685 1711 | 2064 | 2492 | 2797
26
27 | 0684 | 1.314
0683 | 1311 | 1699 | 2.045 | 2462 | 2756
30 | 0683 | 1.310 | 1.697 | 2042 | 2457 2.750
20 | 0681 | 1303 | 1.684 | 2021 | 2423 2.704
50 | 0670 | 1209 | 1676 | 2009 | 2403 | 2678
60 | 0679 | 1296 | 1671 | 2.000 2390 | 2.660
70 | 0.678 | 1.294 | 1667 | 1994 2381 | 2648
80 | 0678 | 1292 | 1664 | 1990 | 2374 | 2639
90 | 0677 | 1291 | 1662 | 1987 | 2368 | 2632
100 | 0677 | 1290 | 1660 | 1984 | 2364 | 2626
o 0674 | 1282 | 1645 | 1960 | 2.326 | 2576




F-table of Critical Values for Significance

Level = 0.05

F-table of Critical Values of a =0.05 for F(df1, df2)

DFI=234-'56-7391(}-12152024304060120eb
DF2=1 161.45 199.50 215.71 22458 230.16 233.99 236.77 73888 240.54 24188 24391 245.95 248.01 249.05 250.10 251.14 25220 25325 25431
2 | 1851 19.00 19.16 1925 1930 1933 19.35 19.37 19.38 19.4019.41 19.43 19.45 19.45 19.46 19.47 19.48 19.49 19.50
3| 1013 9.55 928 9.12 901 894 g89 885 881 879|874 8.70 366 8.64 862 859 857 855 8.53
4| 771 694 659 639 626 616 609 604 600 596|591 58 580 577 575 572 569 566 563
5| 661 579 541 5.19 505 495 488 482 477 474|468 462 4.56 453 450 446 443 440 437
g 599 514 476 453 439 428 4N 315 410 406|400 394 387 384 381 377 374 370 3.67
7| 559 474 435 412 397 387 3.79 373 368 364|357 351 344 341 338 334 330 327 3.23
g | 532 446 407 384 369 3358 3.50 144 339 335|328 322 315 312 308 304 301 297 293
9 | 512 426 38 363 348 337 3.29 323 318 314|307 3.01 294 2.90 286 2.83 279 275 271
10 | 496 410 371 348 333 3.2 314 307 302 298|201 28 277 274 270 266 262 258 254
11 | 484 398 359 336 320 3.09 301 295 290 285 279 272 | 2.65 | 2.61 | 2.57 253 249 245 240
12 | 475 389 349 326 311 300 291 285 280 275|269 262 254 251 247 243 238 234 230
13 | 467 381 341 3.18 3.03 292 283 277 271 267|260 2.53 246 242238 234 230 225 221
14 | 460 374 334 311 296 2.8 276 270 265 260|253 2.46 239 235 231 227 222 218 213
15 | 454 368 329 3.06 290 2.79 271 2.64 259 2.54[248 240 233 229 225 220 2.16 211 207
16 | 449 363 324 301 285 274 266 250 254 249|242 235 228 224 219 215 211 206 201
17 | 445 3.59 320 296 281 270 261 555 249 245|238 231 223 219 215 210 206 201 196
18 | 441 ‘ass 316 293 277 266 2.8 251 246 241|234 227 219 215 2.1 D06 202 197 192
10 | 438 352 313 290 274 263 2.54 248 242 238231 223 216 211 207 203 198 193 1.88
20 | 435 349 310 287 271 260 251 245 239 235|228 220 212 208 204 199 195 150 184
51 | 432 347 307 284 268 257 249 242 237 232|225 218 210 205 201 106 192 187 181
32 | 430 344 305 282 266 255 246 240 234 230|223 215 207 203 198 194 189 184 1.78
33 | 428 342 3.03 280 2.64 253 244 237 232 227|220 213 205 2011196 191 186 181 1.76
24 | 426 340 301 278 262 251 242 236 230 225|218 211 203 198 194 189 184 179 173
25 | 424 339 299 276 260 249 2.40 234 228 224|216 2.09 201 196 152 1.87 182 177 L7
26 425 331 29 174 259 241 299 232 227 222|215 207 199 155 190 185 180 175 1.69
27 | 421 335 296 273 257 246 947|231 225 220[213 206 197 193 188 184 179 173 167
o8 | 420 334 295 271 256 245 236 229 224 219|212 204 196 191 187 182 177 171 165
20 | 418 333 293 270 255 243 2.35 228 222 218|210 203 194 1.90 185 181 175 170 164
30 | 417 332 292 269 253 242 533 227 221 216|209 201 193 18 184 179 174 168 162
40 | 408 323 284 261 2451234 225 218 212 208200 192 184 1.79 174 169 164 158 151
s [aiog” 31s 276 253 237 223 W 210 204 199|192 184 175 L70 Vg5 150 153 147 139
120 | 392 307 268 245 229 2.18 209 202 196 191[18 175 166 161 155 1.50 143 135 125
o | 384 300 260 237 221 210 201 194 188 183|175 167°157 152 146 139 132 12 100




1A
1 PERIODIC TABLE OF THE ELEMENT
H 2 13 14
1.008 A 1A VA
3 1 D 6
Li | Be Bi{LC
6.94 201 10.81 12.01
11 12 13 14
Na Mg 3 1 5 6 7 8 9 10 11 12 Al | Si
22.99 24.30 ne v VB viB viie [ vilie l B iiB 26.98 28.09
19 20 21 22 3 24 25 26 27 28 29 30 31 32
K|Ca|Sc|Ti|V |Cr|Mn| Fe| Co Ni |[Cu|Zn| Ga| Ge
39.10 40.08 44.96 47,90 50.94 52.00 59.94 55.85 58.93 58.69 63.55 65.39 69.72 72.59
37 38 39 40 11 42 43 44 45 46 47 48 49 50
Rb| Sr | Y | Zr INb|[Mo| Tc | Ru | Rh | Pd Ag | Cd| In | Sn
8547 87.62 88.91 91.22 9291 95.94 98) 101.1 102.91 106.42 107.87 112.41 114.82 118.71
55 56 57 72 73 74 75 76 77 78 79 80 81 82
Cs | Ba|*La|Hf | Ta | W |Re | Os | Ir | Pt | Au Hg | Tl | Pb
13291 137.33 138,91 178.49 180.95 183.85 186.21 190.2 192.2 195.08 196.97 200.59 204.38 207.2
87 88 89 104 105 106 107 108 109 110 111
Fr | Ra (TAc| Rf | Db | Sg | Bh | Hs | Mt | Ds Rg
(223) 226.02 227.03 (261) (262) {266) (264) (277) (268) 271) (272)




