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FOREWORD 

As laid down in TS EN ISO/IEC 17025 standard that includes requirements for accredited testing 

laboratories and TS EN ISO 15189 standard with which accredited medical laboratories must comply; the 

best estimate of uncertainty must be made for testing / analysis results, and the procedures used for 

estimating uncertainty must be documented. In some cases, the nature of testing method makes it 

impossible to make a rigorous estimation of measurement uncertainty that is valid metrologically and 

statistically. In such cases the laboratory should at least attempt to define all components of the 

uncertainty, make a reasonable estimation and ensure that the form of reporting the results does not give a 

wrong impression. 

There are various approaches for calculating measurement uncertainty. This document aims to provide 

guidelines to testing laboratories, medical laboratories and assessment teams. 

1. PURPOSE 

This Guidance describes TURKAK principles on the calculation, estimation and statement of 

uncertainties included in testing / analysis results 

2. POLICY 

Policies on measurement uncertainty jointly established by EUROLAB, EURACHEM, CLSI and EA are 

defined in ILAC-G17 [1]: 

a. The statement of uncertainty of measurement should contain sufficient information for 

comparative purposes. 

b. The GUM [2], TS EN ISO/IEC 17025 [3] and TS EN ISO 15189 [4] form the basic documents. 

However, sector specific interpretations may be needed. 

c. Only uncertainty of measurement in quantitative testing shall be considered. A strategy on 

handling results from qualitative testing has to be developed by the scientific committee. 

d. When using a standard test method there are three cases: 

 When using a standardised test method, which contains guidance to the uncertainty 

evaluation, testing laboratories are not expected to do more than to follow the uncertainty 

evaluation procedure as given in the standard. 

 If a standard gives a typical uncertainty of measurement for test results, laboratories are 

allowed to quote this figure. In this case however, the laboratory should demonstrate full 

compliance with the test method.  

 If a standard implicitly includes the uncertainty of measurement in the test results there is no 

further action necessary. In this case too, the laboratory should demonstrate full compliance 

with the test method. 

e. The required depth of the uncertainty estimations may be different in different technical fields. 

f. In certain cases it can be sufficient to report the reproducibility standard deviations at multiple 

levels of operation as the combined uncertainty. 

g. In addition, it is appropriate to use fit-for-purpose / sector-specific sources published at national / 

international level. 
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3. IMPLEMENTATION 

3.1 APPROACHES FOR ESTIMATING UNCERTAINTY OF MEASUREMENT 

Testing laboratories should adhere to documents issued by the national or international organizations for 

the estimation of uncertainty of measurement in testing results. The references for this purpose are 

provided in the Annexes. 

EURACHEM/CITAC [5] and EA 4/16 [6] guides describe two possible approaches to estimating 

uncertainty of measurement: 

a. Formulating a model function with a defined measurand, defining each source of uncertainty 

individually which influences the results and calculating the contribution of each source to 

uncertainty of measurement: This approach is also known as “bottom-up” approach. In some 

cases, it is also called “classical GUM” or “component-component approach or model approach”. 

b. Use of method performance data: This is called “top-down approach” or “empirical approach”. 

3.2 GUM APPROACH 

The GUM method is based on sound theory and provides a consistent evaluation of measurement 

uncertainty and metrological traceability. 

BIPM’s recommendation INC-1 on uncertainties [7] recommends that the components of uncertainty of 

measurement be grouped in two categories as Type A calculated by statistical methods and Type B which 

is derived by non-statistical methods and the components of which are expressed in terms of variance, 

then the two be combined to give a single variance value on the basis of mathematical probability theory. 

The resultant standard deviation is an expression of the uncertainty of measurement. The details of a view 

on Uncertainty Approach are provided in GUM [2] which assumes that the measurand can be expressed 

as a single quantity and treats the uncertainty of measurement mathematically through a model of 

measurement. 

3.3 USE OF VALIDATION AND METHOD PERFORMANCE DATA 

The GUM approach can be very useful if each component of uncertainty is individually identified or 

studied. It is reported however that in many testing measurements, this approach has yielded figures lower 

than the actual uncertainty of measurement [8], [9]. It is difficult for the GUM approach to include all 

possible components of uncertainty. By the use of validation and method performance data, the highest 

likelihood is arrived to include all components of uncertainty. In the GUM approach however, the 

uncertainty of measurement may be smaller than what it should be due to the difficulties in identifying 

and calculating all components of uncertainty. 

 

Information on test method performance may be obtained from: 

 Data accumulated during validation and verification 

 Interlaboratory studies 

 Internal quality control data (quality control cards etc.) 

 External quality assessment data (proficiency testing / interlaboratory studies). 

3.3.1 Data accumulated during validation and verification 

In practice, the fitness for purpose of test methods applied for routine testing is frequently checked 

through method validation and verification studies. The data so accumulated can inform the evaluation of 
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uncertainty for test methods [5], [6]. The following parameters can be considered for quantitative 

measurements: 

Precision: This is the degree of proximity between independent test results obtained under agreed upon 

conditions [10], and expressed in standard deviation derived under repeatability conditions, intermediate 

conditions, and reproducibility conditions within and in-between laboratory. When the uncertainty of 

measurement is derived from method validation, the precision data should be taken as the standard 

deviation value called intermediate precision or reproducibility within laboratory obtained using different 

operators, different test items over time ideally in the same laboratory using the same sample and method.  

Precision studies should take into account the measurement range of and matrices covered by the test 

method. Methods covering a wide measurement range should consider matrix differences (if any), involve 

studies at various levels (e.g. low, medium, and high concentration levels), and investigate the relation 

between standard deviations and testing levels. The lower level studies should include the limit of 

quantification (LOQ) and legitimate limit values if applicable. Based on the results, matrix and level 

differences should be taken into account when calculating uncertainty of measurement as necessary. 

Precision data are the basic component of uncertainty of measurement of a method. 

Trueness: The degree of proximity between the average value obtained of a large series of testing results 

and an agreed reference value is defined as trueness [10]. Trueness may be named differently based on 

the item studied. When trueness study is held with the reference material, it is called “bias”, and if with a 

standard item, then “regain”. The most important aim is to eliminate bias or reduce it to insignificant 

levels. Bias/regain data are the basic component of uncertainty of measurement of a method. 

Linearity: Linearity is the most important indication of the measurement range of the method. Where 

there is significant deviation from linearity, correction should be made by the use of non-linear calibration 

functions. Alternatively, the study range may be restricted. Data derived from precision include normally 

the deviations from linearity. If these deviations are negligible compared with the uncertainties associated 

with calibration, additional uncertainty evaluation is not required. 

LOD*: LOD value is not directly associated with uncertainty of measurement 

* “Limit of Detection” may be variously referred to by laboratories e.g. limit of observability, limit of 

determination, limit of measurement etc. Therefore, this abbreviation is preferred. 

Sensitivity (Selectivity): Since these parameters are important for chemical analyses and not directly 

associated with uncertainty of measurement, they need not be taken into account as a component of 

uncertainty of measurement. 

3.3.2 Interlaboratory studies 

ISO 5725 TS 5822 series standards [10] that are taken as basis in interlaboratory studies give necessary 

definitions for repeatability standard deviation sr, reproducibility standard deviation sR and the estimation 

of trueness. Where the repeatability and reproducibility values obtained in interlaboratory studies based 

on these standards are included in the testing method and if the laboratory demonstrates that the method is 

under control through its internal and external quality control work and fully complies with the method, 

the laboratory may use the reproducibility standard deviation given in the testing method in the 

calculation of uncertainty of measurement. The use of such data in estimation of uncertainty of 

measurement is detailed in ISO TS 21748 [11] and Eurachem/CITAC: 2012 [5]. 

3.3.3 Internal quality control data 

The laboratory should undertake regular internal quality control activities to check whether the 

performance in validation studies is maintained. Such activities may be conducted by the use of control 

cards and/or other internal quality control methods. The values of intermediate precision / within 
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laboratory reproducibility and the results of trueness studies (bias/regain) shall be used in estimation of 

uncertainty of measurement [8], [9]. 

3.3.4 External quality assessment data (proficiency testing / interlaboratory studies) 

The laboratory should participate in regular external quality assessment schemes to verify its 

performance. The results from the participated schemes may be used in estimation of uncertainty of 

measurement. A laboratory must have successfully participated in at least 6 schemes before the 

systematic error resulting from the external quality assessment can be considered in estimation of 

uncertainty of measurement. All these 6 schemes should involve the same conditions of participation [5], 

[6], [7]. 

 

3.3.5 Other 

When estimating uncertainty of measurement, a laboratory should refer in priority to the standard method 

or the sources referred by the standard method. However, if the standard method makes no description of 

uncertainty of measurement, other available sources are listed in [12]. Therefore, it is appropriate to use 

fit-for-purpose / sector-specific sources published at national / international level which are not listed in 

this guide. 

3.4 CALCULATION OF COMPONENTS OF MEASUREMENT UNCERTAINTY 

Not all components of uncertainty of measurement contribute equally to uncertainty. In practice, only few 

uncertainty components are expected to add significantly to the uncertainty. If components contributing to 

the uncertainty of measurement are less than 1/3 of the largest uncertainty component and the number of 

such components is few, they need not be included in estimation of uncertainty of measurement. 

However, it should be demonstrated that they are insignificant.  

To that end, the contribution of each component should be estimated in preliminary studies or uncertainty 

components should be combined. Resultant ones which are still insignificant should be eliminated [5]. 

Following the calculation of all standard uncertainties, the Combined Uncertainty u(y) is estimated as 

follows: 

 

As a last step; the Expanded Uncertainty U(y) is estimated by multiplying the combined uncertainty value 

by the coverage factor (k) determined based on the confidence interval: 

 

As a general approach, the preferred confidence level is 95%, for which the coverage factor is 2. For a 

confidence level of 99%, the coverage factor is 3.  

3.5 REPORTING UNCERTAINTY OF MEASUREMENT 

The uncertainty of measurement shall be reported: 

 Where the result of a test / analysis exceeds a certain pre-established tolerance or limit when 

the relevant uncertainty is applied (e.g. legal limit values); 

 Where the client ordering the test / analysis so requests; 
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 Where it is necessary for the validity or application of results of a test / analysis, along with 

the test results. 

In the absence of a specific reason or unless otherwise noted in the testing method, the expanded 

uncertainty (U) value for a measurement result (y) should be stated in the confidence level of 95% as 

follows: 

y ± U 

along with its unit of measurement. 
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