Lecture 2

Something you need to remember about Statistics - Il.
Useful book: J.C.Miller and J.N.Miller, Statistics for Analytical Chemistry, 3rd
edition, 19983.

Gaussian distribution

Confidence interval. The sampling distribution of the mean
William Sealy Gosset (1876 — 1937)




SIGNIFICANCE TESTS.
Null hypothesis: our method is not a subject to systematic error.
COMPARISON OF MEANS WITH STUDENT’S ¢

1. Comparison of an experimental mean with a known value.

2. Comparison of the means of two samples (comparing
two sets of replicate measurements).



3. Paired t-test: comparison of two analytical methods.

COMPARISON OF STANDARD DEVIATIONS WITH THE F TEST.



BAD DATA TESTING WITH THE Q TEST.
Use Q test to reject “bad” data points.



Appendix B

Table 4-2 Values of Student’s t

Confidence level (%)

Degrees of freedom 50 90 95 98 929 99.5 99.9
1 1.000 6.314 12.706 31.821 63.656 127.321 636.578
2 0.816 2.920 4.303 6.965 9.925 14.089 31.598
3 0.765 2.353 3.182 4.541 5.841 7.453 12.924
4 0.741 2132 2,776 3.747 4.604 5.598 8.610
5 0.727 2.015 2.571 3.365 4.032 4.773 6.869
6 0.718 1.943 2.447 3.143 3.707 4.317 5.959
7 0.711 1895 2365 2998 3.500 4.029 5.408
8 0.706 1.860 2.306 2.896 3.355 3.832 5.041
9 0.703 1.833 2.262 2.821 3.250 3.690 4.781
10 0.700 1.812 2.228 2.764 3.169 3.581 4.587
15 0.691 1.753 2.131 2,602 2,947 3.252 4.073
20 0.687 1.725 2.086 2.528 2.845 3.153 3.850
25 0.684 1.708 2.060 2.485 2.787 3.078 3.725
30 0.683 1.697 2.042 2457 2.750 3.030 3.646
40 0.681 1.684 2.021 2423 2.704 2.971 3.551
60 0.679 1.671 2.000 2.390 2.660 2915 3.460
120 0.677 1.658 1.980 2.358 2.617 2.860 3.373
o 0.674 1.645 1.960 2.326 2.576 2.807 3.291

NOTE: In calculating confidence intervals, o may be substituted for s in Equation 4-6 if you have a great deal of
experience with a particular method and have therefore determined its “true” population standard deviation. If o is
used instead of s, the value of t to use in Equation 4-6 comes from the bottom row of Table 4-2.
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Appendix C

Table 4-4 Critical values of F = s?/s? at 95% confidence level

Degrees of Degrees of freedom for s,
freedom
for s, 2 3 4 5 6 7 8 9 10 12 15 20 30 ®
2 19.0 19.2 19.2 19.3 19.3 19.4 19.4 19.4 19.4 19.4 19.4 19.4 19.5 19.5
3 9.55 9.28 9.12 9.01 8.94 8.89 8.84 8.81 8.79 8.74 8.70 8.66 8.62 8.53
4 6.94 6.59 6.39 6.26 6.16 6.09 6.04 6.00 5.96 591 5.86 5.80 575 5.63
5 5.79 5.41 5.19 5.05 4.95 4.88 4.82 4.77 4.74 4.68 4.62 4.56 4.50 4.36
6 5.14 4.76 4.53 4.39 4.28 4.21 4.15 4.10 4.06 4.00 3.94 3.87 3.81 3.67
7 4.74 4.35 4.12 3.97 3.87 3.79 3.73 3.68 3.64 3.58 3.51 3.44 3.38 3.23
8 4.46 4.07 3.84 3.69 3.58 3.50 3.44 3.39 3.35 3.28 3.22 3.15 3.08 2,93
9 4.26 3.86 3.63 3.48 3.37 3.29 3.23 3.18 3.14 3.07 3.01 2.94 2.86 2,71
10 4.10 3.7 3.48 3.33 3.22 3.14 3.07 3.02 298 291 2.84 2.77 2.70 2.54
1 3.98 3.59 3.36 3.20 3.10 3.01 2,95 2.90 2.85 2.79 2,72 2.65 2.57 2.40
12 388 | 3.49 | 3.26 | 3.11 | 3.00 | 291 | 2.85 | 2.80 | 275 | 2.69 | 2.62 | 2.54 | 2.47 | 2.30
13 381 | 341 | 318 | 3.02 | 292 | 283 | 277 | 271 | 267 | 260 | 253 | 2.46 | 238 | 2.21
14 3.74 3.34 3.1 2.96 2.85 2.76 2.70 2.65 2.60 2.53 2.46 2.39 2.31 2.13
15 3.68 3.29 3.06 2.90 2.79 2.71 2.64 2.59 2.54 2.48 2.40 233 2.25 2.07
16 3.63 3.24 3.01 2.85 2.74 2.66 2.59 2.54 2.49 2.42 2.35 2.28 2.19 2,01
17 3.59 3.20 2,96 2.81 2.70 2.61 2,55 2.49 2.45 2.38 2.31 2.23 2.15 1.96
18 3.56 3.16 2,93 2.77 2.66 2.58 2.51 2.46 241 2.34 2.27 2.19 2.11 1.92
19 3.52 3.13 2,90 2.74 2.63 2.54 2.48 2.42 2.38 2.31 2.23 2.16 2,07 1.88
20 3.49 3.10 2,87 2.71 2.60 2.51 245 2.39 235 2.28 2,20 2.12 2,04 1.84
30 3.32 2.92 2.69 2.53 242 2.33 2.27 2.21 2.16 2.09 2.01 1.93 1.84 1.62
@ 3.00 2.60 2.37 2221 2.10 2.01 1.94 1.88 1.83 1.75 1.67 1.57 1.46 1.00
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Appendix D

Table 4-5 Values of Q for rejection of data

Q Number of
(90% confidence)® observations
0.76 4

0.64 5

0.56 6

0.51 7

0.47 8

0.44 9

0.41 10

a.Q = gap/range.If Q ., .1:cea > Qeavier the value in question can be
rejected with 90% confidence.

SOURCE: R. B. Dean and W. J. Dixon, Anal. Chem. 1951, 23, 636; see also D.R.
Rorabacher, Anal. Chem. 1991, 63, 139.
Table 4-5
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Q Number of
(95% observations
confidence)

0.831
0.717
0.621
0.570
0.524
0.492
0.464

= |O|O(N[D|O [N




