Classroom Exercise: Accuracy and Precision
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lay, we will look at two terms that describe the quality quantitative measurements:

i recision- how much error is in repeated measurements, reproducibility?
& - nalys o - p e T bissed
®-x) Benzyl isothiourea uracy- how close is value to actual value (i.e. is it biased?)
! hydrochloride hsurements can involve errors and uncertainties
d to repeat measurements (replicates) to determine the precision. How many replicates:
(% - xp) e is better but there is often a practical limit.
Analyst 2
Benzyl isothiourea ever, you can be precise and not accurate!
! ‘hydrochloride
L o $ L} ic Definitions
_ \al- s measured value
@ —x)— Analyst 3 § -actual value
Nicotinic acid
rs: sampling error
calibration error
F-x) experimental bias
e Analyst 4
Nicotinic acid . unwanted fluctuations when a static value is measured
o) e . & term is derived from radio engineering, where unwanted signals are heard as static
| 1 Il
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dard deviation: quantifies the scatter (or variance)in your measurements

Absolute error (x; ~ x,), %N /our measurements must have been collected in exactly the same way!

» Analyst 1: relatively high precision & high accuracy pe: noise s the ot dev.
« Analyst 2: poor precision but good accuracy ,2(:%

* Analyst 3: excellent precision & significant error in the e 5= cachindividualsignal,
numerical average for the data r) = average signal,

TONCE 'the number of samples

this is a population st dev. (hence n, not n-1in the denominator) whichiis for an infinitely large
data set

For a smaller data set, you typically use n-1in the denominator

Does standard deviation decrease with increased measurements? No
Standard deviation is a measure of the variance between measurements and the more
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Rate the Analysts with respect to accuracy and precision of their measurements.  The x axis is the absolute error of the value they measured minus the true value.  The lines show the means.  

Data from: C. O. Willits and C. L. Ogg, J. Assoc. Offic. Anal. Chem., 1949, 32, 561.
(adapted from Skoog, Analytical Chemistry, 2015).

Analyst 1:

Analyst 2:

Analyst 3:

Analyst 4:  

Note that Analysts 1 and 2 did the same analysis but did not get the same results.  If you were running a lab, what suggestions might you make for this analysis to try to get the two analysts to be standardized?   

What sources of error might lead to the problems of Analyst 2?

Note that Analysts 3 and 4 did the same analysis (but not the same one as Analysts 1 and 2).  If you were running a lab, what do you think about this assay and what suggestions do have to make this analysis both accurate and precise?   

What sources of error might lead to the problems of Analyst 3?
