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A matter of uncertainty 

 
“All analytical measurements are wrong; its just 

a matter of how large the errors are, and 
whether they are acceptable.” 



Analytical methods 

• An “analytical procedure” is an orderly step‐by 
step instruction designed to ensure 
operational uniformity and to minimize 
uncertainty 
 



primary  
sampling 

laboratory 
sample 

test portion 

official 
sample 

secondary  
sampling and  
sample preparation 

chemical  
analysis 

http://www.scpscience.com/products/digisep/accessories.asp
http://www.clker.com/clipart-14829.html
http://images.google.ca/imgres?imgurl=http://news.thomasnet.com/images/large/505/505565.jpg&imgrefurl=http://news.thomasnet.com/fullstory/505565&usg=__11VZG4SzUrBgeixyU65pwRTsfUw=&h=349&w=331&sz=112&hl=en&start=43&tbnid=8owK7XT2pAIplM:&tbnh=120&tbnw=114&prev=/images?q=LC-MS/MS+thermo&start=40&gbv=2&ndsp=20&hl=en&sa=N
http://www.retsch.com/uploads/sl/1c06bfe33733e6cb2b18d359e00ddb4b.jpg


Error 

• Error is defined as the difference between an 
individual measurement result and the true 
value 
 

• Error is an ideal concept, and errors cannot be 
known exactly 



Uncertainty 

• Uncertainty is a parameter associated with a 
measurement result that characterizes the 
dispersion of the values that could reasonably 
be attributed to this mesurand 



Sources of Uncertainty 

• Analyst 
• Instrument long term (drift, maintenance,…) 
• Instrument short term (noise, calibration, …) 
• dispensing, weighing, etc. . .  
• Laboratory environment 



Random vs. Systematic 

• Random errors usually result from 
unpredictable variations of parameters that 
influence the measured result 
 

• Systematic errors, in the course of a number 
of analyses, remain constant or vary in a 
predictable way 



Accuracy vs Precision 



Quantifying uncertainty 

• There is always a margin of doubt about any 
measurement 

• We need to ask ‘How big is the margin?’ and 
‘How bad is the doubt?’ 
 



Repeatability error 

• an estimate of the precision that can be 
expected when one analyst performs a single 
analysis. 
 

• The repeatability of a method can be 
determined by monitoring its performance 



Standard deviation 

• Calculating the SD from a series of single 
measurements 
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Standard deviation 

• Calculating the SD from a series of duplicate 
measurements 
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Coefficient of Variation 

• Expresses the standard deviation as a 
percentage of the mean result 

100%X 
x
scv =



Repeatability Value 

• Two results obtained in the same lab by the 
same operator should not differ by more than 
this amount 
 

sr95 8.2=



mean = 311
SD = 5.3

CV% = 1.7
r95 = 15



Standard Error 

• the more measurements you take, the better 
the estimate you will have of the ‘true’ value. 

n
sSE =



Identify sources of variation 

• Replicate measurements at selected stages of 
a method can help identify the steps 
associated with the largest sources of error 
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0.5g milled malt into plastic tube.







Transfer 0.5mL of diluted extract







Place samples and blank in water bath @ 30˚C for 5 minutes.







Add 3 mL extraction buffer and Vortex







Extract @ room temp for �15 minutes 



Vortex every 5 min . Then Centrifuge.







Vortex and let rest 5 minutes, then vortex again.







Remove from water bath.







Drop in a Beta Glucazyme tablet and continue to incubate for 15 minutes







Add 6 mL stopping solution







Pipette 1 mL supernate







Add 5 mL extraction Buffer







Let samples rest 5 minutes and then read absorbance @ 590 nm.







Filter through Whatman n˚1 paper.













Combining uncertainties 
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eg. single extraction, duplicate assays 
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eg. duplicate extraction, single assays 
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eg. single extraction, duplicate assays 
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eg. duplicate extractions, duplicate assays 
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eg. single extraction, duplicate assays 

76.14        =

18.058.14 +=methodσ

84.3        =



Take home lesson 

• Do replication where you will get the biggest 
bang for your buck! 



Normal distribution of errors 

σ 

σ 

% 

% 

% 



Confidence intervals 

• estimated range of values which is likely to 
include the measured result 

    x ± ks 
 

 



Coverage factor 

• the value of the coverage factor k is chosen on 
the basis of the desired level of confidence 

k = 1,  68% confidence range 
k = 2,  95% confidence range 
k = 3,  99% confidence range 
 

eg.   311 ± 2(5.3)  =  311 ± 10.6 
 



Confidence intervals 

• 68% confidence range =  306 to 316 
 

• 95% confidence range =  300 to 321 
 
• 99% confidence range =  295 to 327 
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Practical significance 

• How big a difference do you need to detect? 
• What is a meaningful difference in your 

application? 
• What magnitude of result or variance would 

trigger an action? 













The Horwitz equation 

• There are natural limits on the Reproducibility 
of chemical measurement methods 
 
 
 

•  where C is the concentration in mass fraction 
 

cvR= 2C–0.15 





Proficiency testing schemes 

• ASBC 
– Barley, Malt, Beer, Hops, Mycotoxins 

• Campden BRI 
– Malt (MAPS), Beer (BAPS) 



Z-scores 

• Z is a measure of how far an individual lab 
result is from the mean (in units of standard 
deviation) 

 

s
xxZ )( −

=













Test Within a lab 
 (r95) 

Between labs 
(R95) 

Moisture (%) 0.2 0.8 
Extract (%) 0.4 1.4 
Friability (%) 3.0 7.0 
Color (°ASBC) 0.2 0.5 
Diastatic Power (°L) 10 30 
Alpha Amylase (DU) 5 15 
FAN (mg/L) 7 40 
Β-glucan (mg/L) 20 50 



Standard Reference Material 

• SRM should represent the same sample matrix 
 

• SRM must be homogeneous so that test 
portions are identical for the analyte 
 

• SRM must be stable over time with respect to 
the analyte concentration 



Non parametric data 

• Sensitivity is the probability that the test will 
correctly identify a positive sample. 

 
• Specificity is the probability that the test will 

correctly identify a negative sample 



 

        Positive            Negative 
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• Sensitivity = (# of true positives)/(# of true 
positives + # of false negatives) * 100 

 
• Specificity = (# of true negatives)/(# of true 

negatives + # of false positives) * 100 
 



Good news! 

• Good routine QC practices can all be used as 
tools in the estimation of uncertainty of 
analytical measurements 
 

• Plan your method development and routine 
QC program with this in mind 
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