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SECTION A: Case Study

QUESTION 1

The first step in restoring public trust in statistics

Gordon Brown announced this week that he would introduce legislation to make the Office for
National Statistics independent. That is no small change. Analogies with the Bank of England
are misleading; the last remotely comparable government body to have been given statutory
independence was the National Audit Office more than 20 years ago. The ONS is as integral
to the weft and weave of government as the NAO ever was, if not more so. The chancellor
went further, saying that he would make the governance of official statistics the responsibility
of this new, “wholly separate” ONS.

That word “governance” is crucial. While the ONS produces most of the key economic
aggregates and a mass of other data, many politically explosive figures come out of Whitehall’s
big battalions — crime statistics from the Home Office, hospital waiting lists from the

health department and so on. Also, the administrations in Scotland, Wales and Northern Ireland
increasingly run their own statistical shows. Getting a grip on the governance of all these
statistics is needed both for good management and to give the rest of us some reassurance that
the whole statistical system is being developed in the public interest, not just on behalf of
today’s departmental ministers. At present, no one is in overall charge. The chancellor now
seems to have reached the welcome view that it is time this was put right. In doing so he will
need not only to take a firm hand in Whitehall but also find a way of respecting the
independence, and needs, of devolved administrations while ensuring that all parts of the UK
co-operate in fields such as health statistics where comparable data are needed.

Somehow, Monday’s announcement managed to skirt the uncomfortable topic of trust,
referring instead to “entrenching long-term stability”. But trust is what this is about. In the
government’s view, our official statistics are at least as good as anybody else’s: it is just that
they have become a political football. While the rest of us might have a few quibbles, there is
some truth in this. In February, the independent Statistics Commission published a report,
Official Statistics: Perceptions and Trust. Two conclusions shone through. First, people who
use the data — from businessmen to journalists and politicians — already have considerable
regard for the ONS’s honesty and professionalism. Of course, statistics are complex and things
sometimes go wrong. Yet no one doubted the values that underpin the work. But, second, there
was huge cynicism about the use and abuse of statistics by government, both among the
general public and those closer to policy. Only 17 per cent of the public thought figures were
produced without political interference.

Statistics are now the currency of policymaking. This government, in particular, has embraced
evidence-based decisions and target setting for public policy, so that progress can be monitored.
But, if the currency is debased, then policies will not be rooted in reality. Trust in government,
let alone statistics, will be compromised. The commission was set up after political




controversies during the previous government over, for example, unemployment statistics. It
was something of an experiment, a non-statutory body, reporting to the Treasury and charged
with recommending how National Statistics might develop. It has done good work, including
proposals for legislation of the kind to which the chancellor is now committed, and recent
reports on Managing the Quality of Olfficial Statistics and a statistical assessment of public
service agreement (or PSA) targets: things such as hospital waiting lists.

The growth of the target culture puts a premium on data that are real and used sensibly. The
commission does not attempt to police political debate. Rather, it tackles concern that, as the
use of statistics increases, so too does the scope to mislead rather than inform. In all the
excitement about changes to the ONS, the value of this complementary audit and oversight role
must not be ignored. Indeed, it needs strengthening. It cannot remain dependent on individuals
who come and go and could, therefore, be subject to political appointment. Rather, the
commission should become, or be replaced by, a body whose authority and independence, like
that of the new ONS, is rooted in statute and guaranteed by its ability to report directly to
parliament. The small print of the chancellor’s announcement seems to point to such a change.
Byt we must wait on the details and not let the opportunity slip past.

QUESTIONS
a) Examine the ways in which the government can manipulate national statistics
(10 marks)
b) Evaluate the significance of establishing an independent Office for National Statistics
(20 marks)
¢) Examine the use of statistics in national development (10 marks)
(Total 40 marks)
SECTION B: Answer any (3) questions
Question 2 ¢
a) Making use of examples distinguish between the following:
i) Blocks and groups in two-way Anova (4 marks)
ii) Parameter and Statistic (4 marks)
iii) One way Anova and Two-way Anova (4 marks)
iv) Inferential statistics and descriptive statistics (4 marks)
V) Dispersion and variability (4 marks)

Total marks [20]
Question 3

a) The daily sales of specific energy drink at a specific outlet follow a normal distribution with
mean 200 and variance 144.

i) Compute the probability that on a specific day more than 180 items will be sold (3 marks)
i1) Less than 210 items will be sold (3 marks)
iii) Sales will range between 190 and 215 units (4 marks)
iv) Comment on how such computations may assist in decision making (2 marks)

b) Critically examine the characteristics of a normal distribution indicating its applicability to
variety of contexts. (8 marks)



Total marks [20]

Question 4

a) Making use of examples distinguish between a parameter and a statistic (5 marks)
b) ‘Dispersion measures dominate the central tendency measures as far as their informativeness is
concerned in a variety of contexts’. Evaluate this proposition in light of examples. (15 marks)

Total marks [20]

Question 5
An employer hired several employees with different levels of academic qualifications. The
opera:cions manager complained about the position highlighting that employee performance is
associated with the level of academic qualifications obtained. The employer collected and

tabulated the following data during the probation period of the employees.

Academic Qualifications

Ordinary

T Diploma | Bachelo

e o 4

3 14 19

Working Speed

#

a) Test at 5% the assertion made by the operations manager (15 marks)
b) Prepare key points to discuss with the operations manager on the way forward.
(5 marks)

Total marks [20]

|5 | OPM)
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STATISTICAL FORMULAE
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Spearman’s rank order correlation coefficient: The = vy
Kendall Tau’s correlation coefficient Tk % or
—m2
Chi-squared Test Statistic: =X @ EEJ
Z-score: z=2Z
s
Standardisation: Z = % Where Z~N(0,1)
T-score: T=50+ 10(?)
) _ JmD3ad
Student t-test: t= T r Gt
2
Total Sum of Squares TSS = ¥ x{; — %—
2 2
Group Sum of Squares GSS =, T: - —G-AT
Z 2
Block Sum of Squares BSS =% % — %_-

Residual Sum of Squares: One-way

RSS =TSS5 — GSS



Residual Sum of Squares: Two-way RSS = T55 — (GSS + BSS)

Area under the Normal Curve P(Z=<z) From -3.49 to 3.62
(1] 0.01 0.02 0.03 0.04 0.05 0.06 0.08 0.09
0.0003 0.0003 0.0003 0.0003 0.0003 0.0003 0.0003 0.0003 0.0002
0_0005 0.0005 0.0005 0.0004 0.0004 0.0004 0.0004 00004 0.0003
0.0007 0.0007 0.0006 0.0006 0.0006 0.0006 00006 0.0005 0.0005
0.0010¢| 0.0009| 0©.0009| 0.0009 0.0008 O0.0008| O0.0D08 i 0.0007| 00007
0.0013 0.0013 0.0013 0.0012 0.0012 0.0011 0.0011 0.0010 0.0010
0.0019 0.0018 0.0018 0.0017 0.0016 0.0016 0.0015 0.0014 0.0014
0.0026 0.0025| 0.0024| 0.0023 0.0023 0.0022| 0.0021 0.002¢G| 00019
0.0035 0.0034 0.0033 0.0032 0.0031 0.0030 0.0029 0.0027 0.0026
0.0047 0.0045| 0.0044| 0.0043 0.0041 0.0040| 0.0039 0.0037| 0.0036
0.0062 0.0060 0.0059 0.0057 0.0055 0.0054 0.0052 0.0049 0.0043
0.0082 0.0080 0.0075 0.0073 0.0069 0.0066 0.0064
0.0107 0.0102 0.0099 0.0096 0.0091 0.0087 0.0084
0.0139 0.0129| 0.0125 0.0119 0.0113 0.0110
0.0179 0.0166 0.0162 0.0154 0.0146 0.0143
0.0228 ;| 0.0212 0.0207 0.0197 0.0188 0.0183
0.0287 0.0268 0.0262 0.0250 0.0239 0.0233
0.0359 0.0336 0.0329 0.0314 0.0301 0.0294
0.0446 0.0418| 0.0409 X 0.0392 0.0375( 0.0367
0.0548 0.0516 0.0505 0.0485 0.0465 0.0455
0.0668 0.0630| 0.0618 0.0594 0.0571 0.0559
0.0808 0.0764 0.0749 0.0721 0.0694 00681
0.0968 0.0918 0.0901 0_0R69 00838 00823
0.1151 0.1093 0.1075 0.1003 0.0985
0.1357 0.1292[ 0.1271 0.1230 0.1190| 0.1170
0.1587 0.1515| 0.1492 $¢.1401 0.1379
0.1841 0.1762| 0.1736 0.1685 0.1635| 0.1611
0.2119 0.2033 0.2005 0.1949 0.1894 0.1867
0.2420 0.2327 0.2296 0.2236 0.2177 0.2148
0.2743 0.2643 0.2611 0.2483 02451
0.3085 0.2981 0.2946 02810 02776
0.3446 0.3336 0.3300 0.3156 03121
0.3821 0.3707 0.3669 0.3520 0.3483
0.4207 0.4090 0.4052 0.3897 0.3829
0.4602 0.4483 0.4443 0.4286 0.4247
0.5000 0.4880 0.4840 04681 0.4641

0.5000 E 0.5120] 0.5160 0.5319] 05359
0.5398 0.5517| 0.5557 0.5714| 0.5753
0.5793 E 05916 ©.5948 6.6103| 06141
0.6179 0.6293| '0.6331 0 0.6480] 06517
0.6554 0.6664| 0.6700 0.6844| 06879
0.6915 0.7012| ©.7054 0.7190| 0.7224
0.7257 0.7357] 0.7389 0.7517| 0.7549
0.7580 : 0.7673| 0.7704 0.7823| 0.7852
07881 X 0.7967| 0.7995 0.8106] 08133
0.8159 0.8238 0©.8264 0.8365| 0.8389
0.8413 0.8485] 0.8508 0.8599| 0.8621
0.8708 0.8729 0.8810| 0.8830
0.8907| 0.8925 0.8997| 09015
0.9082| 0.9099 0.9162| 09177
0.9236] 09251 0.9306] 09319
0.9370] 0.9382 09429 0.9441
0.9484] 0.9495 0.9535| 09545
0.9582| 0.9591 G.9625| 09633
0.9664| 09671 0.9699| 09706
0.9732] 0.9738 09761 09767
0.9788] 0.9793 0.9812| 0.9817
0.9834 09838 09854 09857
09871 09875 0.9887| 09890
0.9901| 09904 09213| 09916
0.9925| 0.9927 0.9934| 09936
0.9943| 09945 5 06.9951| 0.9952
0.9957] 0.9959] o 0.9963| 09964
0.9968 0.9969 09973 09974
0.9977| 0.9977 0.9980] 0.9981
0.9983] 0.9984] 0. 0.9986| 09986
0.9988 0.9988% 0.9990| 09990
0.9991| 0.9992| O. 0.9993| 09993
09994 09994 ; 0.9995| 09995
0.9996| 09996 o. 0.9996| 09907
0.9997| 0.9997| ) 0.9997| 09998
0.9998 0.9998| 09998




Chi-Square Distribution Table
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The shaded area is equal to « for 3 = y2.

df Cous X590 Xars Xso oo oo Xhso Xizs X Xhos
1 (OG0 0.000 0.001 0.004 0.016 2.706 3.841 5.024 6.635 7.879
2 0.010 0.020 0.051 0.103 0.211 4.605 5.991 7.378 9.210 10.597
3 0.072 0.115 0.216 0.352 0.584 6.251 T7.815 0348 11.345 12.838
e 4 0.207 0.297 0.484 0.711 1.064 7379 9488 11.143 13.277 14.860
5 0.412 0.554 0.831 1.145 1.610 9.236 11.070 12.833 15.086 16.750
i} 0.676 0872 1.237 1635 2.4 10.645 12.592 14.449 16.812 18548
7 (L9859 1.239 1.680 2167 2.833 1207 14.067 16.013 18,475 20.378
N 1.344 1.646 2,180 2733 3.490 13.362 15.507 17.535 20.090 21.955
9 L.735 2088 2.700 3.325 4.168 14.684 16.919 19.02 21.666 23580
10 2156 2558 3.247 3.940 4.865 150987 18.307 20 483 23.209 25188
11 2.603 3053 3.816 4.575 D.ATS 17.275 19.675 21.920 94725 26.757
12 3.074 3.571 4.404 5.226 6.304 18.549 21.026 23.337 26.217 28300
13 3565 4.107 5.009 5.892 T.042 19.812 22362 24.736 27.688 29.819
14 4075 4.660 H.629 6.571 7.790 21.064 23.685 26.119 20,141 31.3149
15 4.601 5.229 6.262 7.261 8.547 22307 24,906 27.488 30.578 32.801
16 5.142 5.812 6908 7.962 9.312 23.542 26.296 28.845 32.000 34.267
17 5.697 6408 7.564 2672 10085 24.769 27.587 30.191 33.409 35.718
1R 6.265 7.015 2.231 9,390 10,865 25.989 28.869 31.526 34.8305 37.156
19 6.844 7.633 8907 10.117 11.651 27.204 30.144 32.852 36.191 38.582
20 7.434 B.260 9.501 10.851 12.443 2412 31.410 34.170 37.566 39.997
21 2034 8.897 10.283 11.591 13.240 29,615 32671 35479 38.932 41,401
29 R.643 9.542 10.982 12.338 14.041 30.813 33.924 36.781 4(1.289 42.796
23 9260 10.196 11.689 13.001 14.848 32.007 35.172 38076 41.638 44.181
24 9 886 10.856 12,401 13.848 15659 33.196 36.415 39.364 42 980 45.5549
25 10.520 11.524 13.120 14.611 16.473 34.382 37.652 40.646 44,314 46.928
26 11,1460 12,198 13.844 15379 17.292 35.563 JB.RRH 41.923 45,642 { 482090
27 11.808 12.879 14.573 16.151 18.114 36741 40.113 43.195 46.963 49.645
28 12.461 13.565 15.308 16.928 18,939 37.916 41.337 44 461 4R.2T8 50,993
bt} 13.121 14.256 16.047 17.708 10.768 30087 42.507 45.722 49,588 52.336
3 13.787 14.953 16.791 18,403 20,599 40.256 43.773 46.979 50.892 53.672
40 2707 22164 24.433 26,508 20051 51805 55.75% 59.342 63.691 66. 766
50 27.991 20.707 32.357 34.764 37.689 63.167 HT 505 71.420 76.154 79.490
G} 35534 37485 40.482 43188 | 46.459 T4.397 79.082 83208 HR.379 91,952
70 43.275 45.442 48.758 H1.739 53.329 85.527 90.531 95.023 100.425 | 104.215
80 51.172 53,540 X 60.391 64278 96.578 101879 | 106.629 | 112329 | 116.321
90 59.196 61.754 69.126 73.291 107.565 | 113.145 | 118136 | 124.116 | 128.299
100 | G67.328 T0.065 77.929 82.358 118,498 | 124.342 | 120561 | 135.807 | 140.169




CRITICAL VALUES for the "F" Distribution, ALPHA = .05.
Denominator Numerator DF
DF 2 3 < =3 6 7 8 9 10

199500 215707 224583 230.162 233986 236.768 238.883 240543 241882
19000 19.164 19247 19296 19330 19353 19371 19.385 19396
9.552 i AT 9.117 9013 3941 8 887 8.845 8.812 8.786
6.944 6.591 6.388 6.256 6.163 6.094 6.041 5999 5.964
5.786 5.409 5.192 5.050 4.950 4876 4818 4772 4.735
5.143 4757 4534 4387 4284 4.207 4147 4099 4.060
4737 4347 4120 3 977 3.866 3.787 3726 3.677 3.637
4459 4.066 3838 3.687 3.581 3.500 3438 3.388 3.347
4256 3863 3.633 3.482 3.374 3.293 3230 3179 3.137
4103 3.708 3478 3.326 3.217 3135 3.072 3.020 2978
3.982 3.587 3.357 3204 3.095 3.012 2948 2896 2.854
3885 3490 3.259 3.106 2.996 2913 2.849 2.796 2753
3.806 3411 3179 3.025 2915 2832 2767 2714 2.671
3.739 3344 3.112 2.958 2.848 2764 2.699 2. 646 2602
3.682 3.287 3.056 2901 2.790 2707 2641 2.588 2.544
3.634 3239 3.007 2852 2.741 2657 2591 2.538 2,494
3592 3.197 2.965 2.810 2.699 2614 2.548 2494 2450
3.555 ke 2938 2773 2k 2577 2510 2456 2412
3.522 3127 2.895 2740 2.62 2544 2477 2423 2.378
3493 3098 . 2866 2.711 2514 2447 23393 2.348
3467 3.072 2 840 2.685 2 488 2420 2.366 2321
3443 3.049 2817 2661 2464 2397 2342 2.297
3422 3.028 2.796 2640 2.442 2375 2320 2.275
3403 3.009 277G 2.621 2423 2355 2300 2255
3385 2991 27159 2.603 2 405 2337 2282 2236
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26 4225 3369 2975 2.743 2587 2474 2388 2321 2: 2658757900
27 47219 3353 2960 28 257 2.459 2373 2305 2250 2204
28 4196 3340 2947 2714 2558 2.445 2359 2291 22356 2,190
20 4183 3328 2934 2701 2.545 2.432 2346 2278 2223 2377
30 4.171 3316 2522 2690 2534 2421 2334 2266 2211 2.165
31 4.160 3305 2911 2679 2523 2.409 2323 2255 2199 2153
32 4.149 3.295 2901 2.668 2512 2399 2313 2244 2.189 2142
33 4139 3285 23892 2.659 2.503 2.389 2303 2235 21798 T 57
34 4.130 3276 2883 2650 2494 2380 2294 2225 2470 B o 129,
35 4.121 3.267 2874 2.641 2.485 2372 2.285 2217 2.161 2.114
36 4113 3259 2866 2634 2477 2364 237 2509 2153 2106
37 4.105 3 5 2859 2626 2470 2.356 2276 2301 2145 2098
38 4.098 3.245 2852 2619 2463 2349 2262 2.1%4 2138 2091
39 4.091 3.238 2845 2612 2456 2342 LA 218F 2131 2.084
40 4.085 3.232 2839 2606 2449 2.336 2249 2.180 2124 2077
41 4.079 3226 2.833 2.600 2.443 2.330 2.243 2174 2118 2071
42 4.073 3.220 2 827 2.594 2438 2324 2037 2168 2112 2.065
43 4.067 3214 2.822 2589 2432 2318 2232 2.163 2106 2059
44 4.062 3205 2816 2584 2427 2313 2226 2.157 2.101 2.054
45 4.057 3204 2812 2579 242 2.308 2221 2l 20%  2.049
40 4.052 3.200 2807 2574 2417 2.304 2216 2147 2091 2044
47 4.047 3195 2.802 2570 2413 27995 3210 2.143 208 2039
48 4.043 3.191 2798 " 2565 2.409 2.295 2207 2.138 2082 2.035
49 4.038 3.187 279, 2561 2404 2.2%90 2203 2134 2971 - 2030
S0 4034 3183 2390 2557 2.400 2.286 2199 2130 2073 2026




CRITICAL VALUES for the "F" Distribution, ALPHA = 05.
Denominator Numerator DF

1 5 G 7
2397 2.283 2195
2393 279 2192
2.389 27 2188
2.38 2185
2.383 2.181
2.380 2178
2377 P L
2374 2172
2371 2.169
2.368 2.167
2.366 2164
2.363 2161
2.361 2.159
2.358 2156
2.356 2.154
2.354 2.152
2353 2.150
2.350 2.148
2.348 2.145
2.346 2.143
2344 2.142
2.140
2138
2136
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3967 2 I S 22 2345 2220 2133 2.063 2.006 1.958
3.965 3115 2723 2490 2333 2219 231 2.061 2.004 1.956
3963 3114 2722 2489 2332 2217 212 2.059 2.002 1.954
3962 3112 2720 2487 2330 2216 2128 2.058 2.001 1.953
3.960 3111 2719 2486 2329 2.214 2.126 2.056 1.999 1:951
3959 3.109 BTG 2484 2327 2.313 2125 2.055 1.998 1.950
3.957 3108 2716 2483 2326 2211 2133 2.053 1.996 1.948
3956 3.107 2715 24382 2324 3210 2122 2.052 1995 1.947
3955 3185 2713 2480 2323 2209 2121 2.051 1.993 1.945
3953 3101 2712 2479 2322 2.207 2119 2949 1.992 1.944
34952 A Sl 2478 2321 2.206 2118 2048 1991 1.943
3951 3.101 2.709 2476, 2315 236, 2117 2.047 1.989 1.941
3949 3.100 2708 2475 2318 2.203 21153 2.045 1.988 1.940
3948 39099 2797 2474 2317 2.202 2114 2044 1.987 1.939
3947 3.098 2.706 2473 2316 2.201 2115 2.043 1.986 1.938
3946 3097 2.705 2472 2315 2.200 2312 2040 1984 1.936
3945 3095 2704 2471 2313 2.199 2111 2041 1983 1.935
3.943 3094 2703 2470 2312 2198 2110 2.040 1.982 1.934
3942 3093 2.701 2.469 2311 2197 2109 2038 1981 1.933
3.941 3.092 2.700 2.467 2310 2.196 2108 2037 1.980 1:932
3946 3051 2.699 2466 2309 2,195 2106 2036 1.979 1931
3939 3.0%0 2.698 2.465 2.308 2.1%4 2.105 2035 1.978 1.930
3938 3.089 2.697 2465 2.307 2.193 2104 2034 1977 1.929
3.937 3.088 2.696 2464 2306 2.192 2.103 2.033 1.976 1.928
3936  3.087 2.6%6 2463 2.305 2191 2.103 2.032 1.975 1.927




