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GUIDELINES FOR DETERMINATION OF UNCERTAINTY OF 

MEASUREMENT IN TESTING

1. Introduction:
ISO/IEC 17025 requires testing   laboratories to apply procedures for estimating uncertainty of measurement, report the estimated uncertainty of measurement, where applicable and retain records as necessary. In order to prevent laboratories interpreting the term of uncertainty of measurement and procedures of estimation incorrectly and giving wrong impression to customers, it would be necessary to guide them in the proper direction.
2. Scope:
This guideline provides information required to estimate and calculate uncertainty of measurement of test findings.
3. 
Responsibility:  
Technical Assessors

4. Reference: 
ISO/ IEC 17025: General Requirements for the Competence of Testing and Calibration Laboratories
Quantifying Uncertainty in Analytical Measurement, Eurachem, 1995

ILAC – G17: Introducing the Concept of Uncertainty of Measurement in testing in association with the application of the Standard ISO/IEC 17025
5. Definitions:
5.1 Uncertainty (of measurement): Parameter associated with the result of a measurement that characterizes the dispersion of the values that could reasonably be attributed to the measurand.
5.2 Standard uncertainty: Uncertainty of the result of a measurement expressed as a standard deviation.
5.3 Combined standard uncertainty: Standard uncertainty of the results of a measurement when the result is obtained from the values of a number of other quantities equal to the positive square root of a sum of terms, the terms being the variances of these other quantities weighted according to how the measurement result varies with these quantities.

5.4 Expanded uncertainty: Quantity defining an interval about the result of a measurement that may be expected to encompass a large fraction of the distribution of values that could reasonably be attributed to the measurand.

5.5 Validation:  confirmation by examination and the provision of objective evidence that the particular requirements for a specific intended use are fulfilled.
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6. Procedure:
6.1 Each laboratory where appropriate, shall estimate uncertainty of measurement where specified by the method, where required by the client and/or where the interpretation of results could be compromised by lack of knowledge of uncertainty. This calculation is essentially required for all tests including laboratory developed, non-standard methods or methods adopted by the laboratory based on technical references or manuals of manufacturers of equipment.  Due to the fact that uncertainty of the results shall be based on scientific understanding of the theoretical principles of the method and practical experience, the method shall be validated appropriately before use.
6.2 Well recognized methods specifying limits of major sources of uncertainty require no special action from the laboratory but could follow the uncertainty procedure given in the method. But laboratories shall confirm that standard methods can be properly operated before introducing them in the laboratory. In case of changes in the method or using it outside the intended scope, the range and uncertainty of values shall be identified. 
6.3 The term uncertainty is expressed as a standard deviation (or a given multiple of it) or a width of confidence interval and comprises of many components. These components can be expressed in terms of accuracy, detection limit, selectivity, linearity, repeatability, reproducibility, robustness and cross-sensitivity, as applicable. Some of those components may be evaluated from statistical distribution and others from assumed probability distributions. In certain cases reporting reproducibility may be sufficient.
6.4 Laboratories shall at least attempt once to identify all the components able to influence uncertainty of measurement in the given situation and make a reasonable estimation based on existing knowledge and methods of analysis. This estimation shall be based on the knowledge of the performance of the method, measurement scope, previous experience and validation data. Depending on the nature of the test, a rigorous, metrologically and statistically valid calculation may be required. 
6.5 Statistical random and systematic factors/ effects contribute to the overall uncertainty of test results. Random errors typically arises from unpredictable variations of influence quantities and such error cannot be compensated by correction but it can be usually be reduced by increasing the number of observations. A systematic error which remains constant or varies in a predictable way is independent of number of measurements and the result of measurement shall be corrected.
6.6 The sources contributing to the uncertainty may include measurand (in many cases in chemical analysis the measurand will be the concentration of an analyte), sampling, transportation, storage and handling of samples, preparation of samples, calibration standards and reference materials used, software and methods and equipment used, environmental conditions, properties and condition of the item being tested or calibrated,  persons carrying out tests, uncertainty arising from the correction of the measurement results for system effects etc.
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6.7 The steps which are to be performed in order to obtain an estimate of the uncertainty associated with a measurement are as follows;

· Specification – Clear statement of what is being measured, including the relationship between the measurand and the parameters

· Identification of uncertainty sources – List  possible sources of uncertainty
· Quantification of uncertainty components – Estimate the size of uncertainty associated with each potential source of uncertainty identified

· Calculation of total uncertainty – Combine the quantified uncertainty components expressed as standard deviations and apply the appropriate coverage factor to give an expanded combined uncertainty

6.8 For a given test, it may be beneficial to identify all the steps involved in testing from start to end and determine each source of uncertainty and treat it separately to obtain the contribution from that source. A schematic flow chart may be ideal for identification of steps involved in testing.

6.9 Each of separate contributions shall be expressed as a standard deviation (standard uncertainty) while the correlation between any components shall be taken into account by determining covariance. A cause and effect diagram may be helpful for identification of all contributing factors. 
For example the following contributory factors could be identified for a test for determining ammonia in water (ppm).
Purity of buffer (concentration), Stock solution (mass, volume, purity), Meter (tolerance, Repeatability), Electrode (resolution, calibration) Sample (volume), Sub solution (dilution factor, glassware calibration)
E.g. Uncertainty of stock solution = uncertainty of (mass + volume + purity)

6.10 The general relationship between the uncertainty of a value and the uncertainty of the independent parameters p, q, r …. is the square root of  the additions of each variable’s contribution. Each variable’s contribution is just the square of the associated uncertainty expressed as a standard deviation multiplied by the square of the relevant partial differential. In certain instances the above value is multiplied by a constant.

6.11 When combined expanded uncertainty is expressed, which provides an interval expected to include a large fraction of the distribution of values reasonably attributable to the measurand, it is achieved by multiplying the combined uncertainty by a chosen coverage factor.
6.12 When reporting expanded uncertainty, the uncertainty of measurement shall be reported along with the result, i.e.  X +/- U (units). When uncertainty  is expressed as the combined standard uncertainty as a single standard deviation the following form is recommended; result : X; standard uncertainty: uncertainty value.

6.13 When expressing results, the numerical values of the result and its uncertainty should not be given with an excessive number of digits. Whether expanded uncertainty or standard uncertainty is given it is seldom necessary to give more than two significant digits for the uncertainty. Results should be rounded off to be consistent with the uncertainty given. 
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