Chem 321 Lecture 5 - Experimental Errors and Statistics
9/10/13

Student Learning Objectives

Experimental Errors and Statistics

Calibration Results for a 2.0-mL Transfer Pipet

1.998 mL 1.991 mL
2.001 mL 1.999 mL
2.003 mL 1.998 mL
1.997 mL 2.002 mL

On what basis should one or more of the data points be rejected?

Usually in a series of measurements one or more values deviate significantly
from the general cluster. Take, for example, the 1.991 mL pipet calibration result
above. ltis very appealing to reject this data point because of the lack of agreement
with the other values. However, data should never be discarded simply to reduce the
standard deviation or RMD and make the measurements appear to be more
reproducible. Often such outlying values can be attributed to some flaw in the
experiment. For example, if you know that some precipitate was lost during the analysis
of one sample or that the meniscus was just below the calibration line when filling the
transfer pipet for one delivery, rejection of the result in such cases is justified. However,
if there is no obvious explanation for the disparate result, it is useful to apply a statistical
test to decide whether to retain or to reject the suspect data point. A number of
statistical tests have been suggested and used to determine whether a measurement
should be rejected, however, data rejection tests must be used judiciously, especially
for small data sets such as your typical lab results. One such test that is easy to apply
and that works reasonably well for rejecting one data point from a small data set is the
Q test. For this test a quotient (Q) is calculated, then Q_,, is compared to tabulated
values (Q,,); see table below for values of Q,, (referred to as Q; in the table) at
various confidence levels. If Q. > Q,,,, You can be confident that the suspect data
point should be rejected.

Q.. is determined in the following way.

_ |suspect value - closest value|
largest value - smallest value

cale
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Critical Values for the Rejection Quotient, Q*
Qerit (Reject if O > Q)

Number of

Observations 90% Confidence 95% Confidence 99% Confidence
3 0.941 0.970 0.994
4 0.765 0.829 0.926
5 0.642 0.710 0.821
6 0.560 0.625 0.740
7 0.507 0.568 0.680
8 0.468 0.526 0.634
0 0.437 0.493 0.598
10 0412 0.466 0.568

*Reprinted with permission from D. B. Rorabacher. Anal. Chem., 1991, 63, 139. Copyright 1991
American Chemical Society.

@ 2004 Thomson - Brooks/Cale

For the 1.991 mL value that is suspect,

_ 11.991-1.997| _ ¢

cale 2003 - 1.991

At the 90% confidence level, Q,,, = 0.468 for 8 measurements, so Q. > Q,,, and this
value should be rejected. However, it cannot be rejected at the 95% confidence level.
Remember that only one data point can be discarded per data set by the Q test.

Another statistical test that is often used with larger data sets is based on the
normal error curve. First, calculate the average and standard deviation without the
suspect value. Then determine if the suspect point is within £30 of the mean. If it is not,
reject the value.

Check for Understanding 2.4 Solutions

1. What is the average, RMD and 90% confidence interval for the remaining 7

pipet calibration results?

What is the statistical basis for rejecting a point by a +30 test?
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Comparing Replicate Measurements

Imagine that you have calibrated your 1-mL autopipet and from 5 measurements
you get a mean value of 0.998 mL with a standard deviation of 0.004 mL. Another
student calibrates this same pipet and from 7 measurements gets a mean value and
standard deviation of 1.007 + 0.006 mL. Are these two results statistically different, or
could these results occur by chance? This question can be answered using a t test in
which you compare t,, with t, .. If t.,. > t... then the difference is significant with a
certain level of confidence. For two sets of data consisting of n, and n, measurements
with averages X, and X, and standard deviations s, and s, t,. is obtained by:

P | Xy =%, | | nyn,
calc ~
spooled n1 + n2

where

X PGP | 82 (ng 1) +8,2(ny - 1)
pooled n,+n, -2 n,+n, -2

and x; and x; represent individual values for the first and second set of data,
respectively.

The value of t,,. is gotten from the t table for n, + n, - 2 degrees of freedom.
These calculations assume that s, and s, are not significantly different from each other.
This is determined by using the F test, where F is defined as:

calc ~ 2

Note that s, is chosen to be larger than s, so that F is always > 1. F
compared to F,,. (see F Table below), and if F_,. < F,,,., then the standard deviations
are not significantly different. However, if F_,, > F.., the standard deviations are

significantly different, and a different formula must be used to get t

calc IS then

calc*
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/Table 4-5| Critical values of F = s/s3 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 | 192 | 192 | 193 | 193 | 194 |194 |194 [194 (194 |194 |194 |195 [195
3 955 | 928 912 | 901 | 894 | 889 | 884 | 881 | 879 | 874 | 870 | 866 | 862 | 853
4 694 | 659 | 639| 626| 6.16 | 6.09 | 6.04 | 6.00| 596 | 591 | 586 | 580 | 575 | 5.63
5 579 | 5.4l 5.19 5.05 4.95 4.88 4.82 4.77 474 | 4.68 4.62 456 | 450 | 436
6 514 | 476 | 453 | 439 | 428 | 421 | 415 | 410 | 406 | 400 | 3.94 | 387 | 381 | 3.67
7 474 | 435 412 397 | 387 | 379 | 373 | 368 | 364 | 358 | 351 | 344 | 338 | 323
8 446 | 407 | 384 | 369 | 358 | 350 | 344 | 339 | 335 328 | 322| 315 | 308 | 293
9 4.26 3.86 3.63 3.48 3.37 3.29 3.23 3.18 3.14 3.07 3.01 294 | 286 | 271
10 4.10| 3.71| 348 | 333 | 322| 3.14 | 3.07 | 3.02 | 298| 291 | 284 | 277 | 270 | 254
11 3.98 3.59 3.36 3.20 3.10 3.01 2.95 2.90 2.85 279 | 2.72 2.65 2.57 2.40
12 3.88 3.49 3.26 3.11 3.00 291 2.85 2.80 2.75 2.69 | 2.62 254 | 247 2.30
13 381 | 341 | 3.18| 3.02| 292 | 283 | 277 | 271 | 267 | 260 | 253 | 246 | 238 | 221
14 374 | 334 311 | 296 | 285 | 276 | 270 | 265 | 2.60 | 253 | 246 | 239 | 231 | 2.13
15 368 | 329 3.06( 290 | 279 | 271 | 264 | 259 | 254 | 248 | 240 | 233 | 225 | 2.07
16 363 | 324 301 | 28| 274 | 266 | 259 | 254 | 249 | 242 | 235 | 228 | 2.19 | 2.0l
17 359 320 296| 281 | 270 | 261 | 255 | 249 | 245 | 238 | 231 | 223 | 215 | 196
18 3.56 3.16 2.93 2.77 2.66 2.58 2.51 2.46 2.41 234 | 2.27 2.19 | 2.11 1.92
19 3.52 3.13 2.90 274 | 2.63 254 | 248 2.42 2.38 2.31 2.23 2.16 | 2.07 1.88
20 3.49 3.10 2.87 2.71 2.60 251 2.45 2.39 2.35 2.28 2.20 2:12 2.04 1.84
30 332 292 269 253 242 233 227 221 216 209 201 193 184 1.62
e 3.00 260 2.37 2.21 2.10 2.01 1.94 1.88 1.83 1.75 1.67 1.57 1.46 1.00
© 2003 W. H. Freeman and Company

so the standard deviations are not significantly different and

For the two sets of autopipet calibration data,

calc ~

pooled

calc ~

0.006 ) 2

0.004

2

0.0062(6) + 0.0042(4)

7+5-2
_ |1.007 - 0.998| 7-5
0.005, 7+5

< Ftable = 6.16

- 0.005,

=2,>t,

able

(for 6 degrees of freedom in the
numerator and 4 degrees of
freedom in the denominator)

= 2.228
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Since t, > t,e this means that the difference in the two calibration values is significant
at the 95% confidence level.

Propagation of Errors

Generally an analysis result is based on several different measurements, each
with its own error. The overall result should be reported to a number of significant
figures that properly reflects the errors associated with the various measurements. Two
rules of error propagation apply.

Addition/Subtraction Rule:

If only the operations of addition and subtraction are involved, the absolute error in the
result (e) is calculated as in the following example.

(Ate,) + (Bteg) -(Cte,) = (A+B-C)te

[ .2 2 2
e = 6A+eB+eC

Note that the absolute error (uncertainty) in the result is generally reported with one
significant figure. The result is then rounded off to the same place as this figure.)

Multiplication/Division Rule:

If only the operations of multiplication and division are involved, the absolute error in the
result (e) is calculated as in the following example.

(Ate,)(Bey) AxB,
(Cte,) c
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Recall that the relative error equals the absolute error divided by the quantity
associated with the absolute error. For example,

rel _
eA = —

A

Consequently, the relative error associated with a result gotten by multiplication/division
can be calculated by:

er - \/(eAreI)Z + (eBreI)Z + (eCreI)Z

This expression emphasizes the importance of relative errors when rounding off results
to the proper number of significant figures. The measurement with the largest relative
error primarily determines the relative error in the overall result. In general, an analysis
result should be rounded off so that the implied relative error is comparable to the
largest relative error associated with the experiment. For a calculation involving mixed
operations (both multiplication/division and addition/subtraction), apply one of the above
rules, as appropriate, to each step as you work through the calculation. Do not round
off the intermediate results, however, take note of the appropriate number of significant
figures for the intermediate result.

Check for Understanding 2.5 Solutions

1. How should an experimental result of 29.6518% be rounded off to reflect at
least 4 ppth relative error in the measuring process?

For the following, calculate the absolute error and use this to round off the
result to the appropriate number of significant figures.

a)  (36.2%0.4)/(27.1 £0.6)

b)  (25.0 +0.1)(0.0215 + 0.0003) - (1.02 + 0.01)

Exercises for Experimental Errors and Statistics


http://www.csun.edu/~hcchm003/321/Check2.pdf
http://www.csun.edu/~hcchm003/321/Exercises2.pdf

