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Chapter 4: Statistics
Example 1: Average and standard deviation
	[Ca2+] / μM

	30.5

	31.7

	31.2

	30.8

	29.9


The following data were recorded for an analysis of the calcium content in a sample of milk. Find the mean, standard deviation and relative standard deviation. Use both the “long way” of finding standard deviation and the function on your calculator to make sure you are using your calculator correctly.

Example 2: Comparing two standard deviations (F-test)
 A child is undergoing treatment for lead poisoning. The table below summarizes the results of an analysis of the child’s blood lead level (BLL, in µg/dL) initially and after a month of treatment.
	Day
	BLL (µg/dL)
	n

	
	mean
	st. dev.
	

	0
	32.7
	0.9
	4

	30
	27.5
	0.8
	5


We would like to determine if the treatment is working, but before we compare the average results, we must first determine if the standard deviations are significantly different. Use the F-test to answer this question and indicated the critical value of F used from the table for comparison.
Example 3: Confidence Intervals
The following concentrations of titanium were detected in a sample of seawater. Find the 50% and 95% confidence intervals for the Ti content in seawater.

	[Ti4+] / nM

	1.34

	1.15

	1.28

	1.18

	1.33

	1.65

	1.48


Discuss with your group the magnitude of the confidence intervals at each confidence level. Why would the confidence interval be smaller for a lower confidence level? 

Example 4: T-test for comparing experimental data to a “known” value (“Case 1”)
Olympic athletes cannot have caffeine levels in their urine above concentrations of 12.00 μg/mL. Five measurements of a sample from one athlete gave a mean concentration of 12.12 μg/mL with a standard deviation of 0.09 μg/mL. At the 95% confidence level, does the athlete’s caffeine level exceed the acceptable level? (Another way of asking this is, “Does the maximum acceptable value of 12.00 μg/mL fall within the 95% confidence interval?”)
Example 5: Comparing two means of separate datasets (“Case 2”)
Return to the data in the table for Example 2. Based on the results of the F-test, use the appropriate form of the t-test to determine if the child’s BLL is decreasing significantly. Is the treatment working?
Assume for a moment that you obtained the opposite result for the F-test in Example 2. Discuss with your group how you would perform a t-test differently.
	Trial
	Concentration (μg/L)

	1
	55.3

	2
	57.8

	3
	54.0

	4
	68.1

	5
	58.7


Example 6: Grubb’s test for an Outlier
A urine sample was tested five times for a metabolite of marijuana. Should any of the measurements be discarded?

The following tables are from the Harris textbook.
[image: image12.jpg]TABLE 4-5 Critical values of G
for rejection of outlier
N

Number of G
observations (95% confidence)
4 1.463
5 1.672
6 1.822
7 1.938
8 2.032
9 2.110
10 2.176
11 2.234
12 2.285
15 2.409
20 2.557

Geateutarea = |questionable value — mean|/s. If G gieutarea
> Giaple the value in question can be rejected with 95%
confidence. Values in this table are for a one-tailed test,
as recommended by ASTM.

SOURCE: ASTM E 178-02 Standard Practice for Dealing
with Outlying Observations, http://webstore.ansi.org;

FE. E. Grubbs and G. Beck, Technometrics 1972, 14, 847.
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[image: image13.jpg]TABLE 4-4 Critical values of F = s?/s2 at 95% confidence level

Degrees of Degrees of freedom for s,
freedom
for s, 2 3 4 5 6 Z 8 9 10 12 15 20 30 oo
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 5.75 5.63
5 5.79 5.41 5.19 5.05 4.95 4.88 4.82 477 | 474 4.68 4.62 4.56 450 | 4.36
6 5.14 | 4.76 4.53 439 | 4.28 4.21 4.15 4.10 | 4.06 4.00 3.94 3.87 3.81 3.67
7 474 | 435 4.12 3.97 3.87 3.79 3.73 3.68 3.64 3.58 3.51 3.44 3.38 3.23
8 446 | 4.07 3.84 3.69 3.58 3.50 3.44 3.39 3.35 3.28 3.22 3.15 3.08 293
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 3.71 3.48 3.33 3.22 3.14 3.07 3.02 | 298 291 2.84 2.77 270 | 2.54
11 3.98 3.59 3.36 320 | 3.10 3.01 2.95 290 | 2.85 2.79 2.72 2.65 2.57 2.40
12 3.88 3.49 3.26 3.11 3.00 291 2.85 280 | 2.75 2.69 2.62 2.54 2.47 2.30
13 3.81 3.41 3.18 302 | 292 2.83 2.77 2.71 2.67 2.60 2.53 2.46 2.38 221
14 3.74 3.34 3.11 296 | 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 3.06 290 | 2.79 2.71 2.64 259 | 254 2.48 2.40 2.33 2.25 2.07
16 3.63 3.24 3.01 2.85 2.74 2.66 2.59 2.54 | 249 2.42 2.35 2.28 2.19 2.01
17 3.59 3.20 2.96 2.81 2.70 2.61 2.55 249 | 245 2.38 2.31 2.23 2.15 1.96
18 3.56 3.16 2.93 2.77 2.66 2.58 2.51 246 | 241 2.34 2.27 2.19 2.11 1.92
19 3.52 3.13 2.90 274 | 2.63 2.54 2.48 242 | 238 2.31 2.23 2.16 2.07 1.88
20 3.49 3.10 2.87 2.71 2.60 2.51 2.45 239 | 235 2.28 2.20 2.12 2.04 1.84
30 3.32 2.92 2.69 2.53 242 2.33 2.27 221 2.16 2.09 2.01 1.93 1.84 1.62
o 3.00 2.60 2.37 2.21 2.10 2.01 1.94 1.88 1.83 1.75 1.67 1:57 1.46 1.00

Critical values of F for a one-tailed test of the hypothesis that s,>s,. There is a 5% probability of observing F above the tabulated value.

You can compute F for a chosen level of confidence with the Excel function FINV(probability,deg_freedoml,deg_freedom?2). The statement “=FINV(0.05,7,6)”
reproduces the value F = 4.21 in this table. The statement “=FINV(0.1,7,6)” gives F = 3.01 for 90% confidence.

Harris, Quantitative Chemical Analysis, 8e
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[image: image14.png]TABLE 4-2 Values of Student's t

Confidence level (%)
Degrees

of freedom

31.821 63.656 127.321 636.578
6.965 9.925 14.089 31.598
4.541 5.841 7.453 12.924
3.747 4.604 5.598 8.610
3.365 4.032 4773 6.869
3.143 3.707 4.317 5959
2.998 3.500 4.029 5.408
2.896 3.355 3.832 5.041
2.821 3.250 3.690 4.781
2.764 3.169 3.581 4.587
2.602 2.947 3.252 4.073
2.528 2.845 3.153 3.850
2.485 2.787 3.078 3725
2.457 2.750 3.030 3.646
2.423 2.704 2.971 3551
2.390 2.660 2915 3.460
2.358 2.617 2.860 3.373
2.326 2.576 2.807 3:291
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