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• Error:  Difference between a measured or calculated 
value of a quantity and the “true” value (unknowable) 

• Uncertainty:  An interval about the average value of a 
series of measurements or calculations which, within a 
certain level of confidence, is believed to contain the 
“true” value of a quantity 

• NOTE:  A measurement or calculated result with a low 
uncertainty is not necessarily a result of high quality.   

ERRORS VS. 

UNCERTAINTY 



EXAMPLE OF REPORTING 

LENGTH MEASUREMENT 



• Type A Uncertainty = calculated by statistical methods 
– Finite degree of freedom 

– Normal (Gaussian) distribution 

• Type B Uncertainty = evaluated by other means 
– Systematic 

– Infinite degree of freedom  

– Non-normal distribution 

 

• 1981-CIPM (Comité International des Poids et Mesures) 

• 1993, 2010 – GUM (Guide to the Expression of Uncertainty in 
Measurement), ISO (International Organization for Standardization)  

• 1994 – NIST (National Institute of Standards and Technology) Technical 
Note 1297 

METHORD OF CLASSIFYING 

UNCERTAINTIES 



NORMAL DISTRIBUTION 



Coverage probability (p) Coverage factor (k) 

68% 1.00 

90% 1.64 

95% 1.96 

95.45% 2.00 

99% 2.58 

99.73% 3.00 

COVERAGE FACTOR 



• List of sources of uncertainty and their associated 
standard uncertainties, compiled with a view to 
evaluating a combined standard uncertainty associated 
with a measurement (or calculation) result 

 

• Consider every step and aspect of the measurement 
and calculations 

UNCERTAINTY BUDGET 

















TG-138 

• Reference Standards: GUM and NIST TN 1297 

• The uncertainty propagation from the primary 
calibration standard through transfer to the clinic for 
air-kerma strength 

• Uncertainties in each of the brachytherapy dosimetry 
parameters of the TG-43 formalism 

• Dosimetric uncertainties during treatment delivery 
are considered breifly 

• Ristricted to the determination of dose to water in 
water without consideration of material 
heterogeneities, interseed attenuation, patient 
scatter conditions. 

•  combined dosimetric uncertainty < 5% (k =1) 

 













TG-138 



TG-138 BRACHYTHERAPY SOURCE 

DOSIMETRY DATA CHAIN (k=1) 



 



SUMMARY 

• Review basic statistics 

• The applications of statistics 

• Avoid misuse of statistics 

• All factors that could possibly influence the result of a 
measurement or calculation should be considered 

• An uncertainty budget quantifies Type A and Type B 
components 

• Expanded uncertainties (k = 2) should be used in clinical 
dosimetry ; (TG-138 uses k=1) 
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