
ISO/IEC 17025:2017 Section 7.6 Evaluation of 

Measurement Uncertainty “Requirements and 

Fundamentals”

Presenter: Michael Kramer

PJLA Calibration/Inspection Program Manager

30-June-2022



ISO/IEC 17025:2017 Section 7.6 Evaluation of Measurement 

Uncertainty “Requirements and Fundamentals”

• This webinar is being recorded 

• All PJLA webinar recordings and slides are 

available for download from the Past Webinars 

section of our website

– https://www.pjlabs.com/training/pjla-webinars

• All attendees are muted. However, feel free to 

utilize the questions tab and they will be 

answered at the end of the session. 

https://www.pjlabs.com/training/pjla-webinars


What is Measurement Uncertainty
Uncertainty can be looked at as the doubt that exists 

about the result of any measurement. You might think 

that well-made measuring tapes, stopwatches and 

thermometers should be trustworthy, and give the right 

answers. But for every measurement there is a margin 

of doubt. 

You can think of this as give or take in today’s 

everyday language.  For example a rod may be two 

meters “give or take a centimeter.   



What is Measurement Uncertainty
Since there is always a margin of uncertainty about any 

measurement, we need to ask ‘How big is it. Two numbers are 

really needed in order to quantify the measurement.

One is the width of the uncertainty and the other is the 

confidence level.  Which states how sure we are that the ‘true 

value’ is within that margin.

We might say that the length of a rod measures one meter plus 

or minus 1 centimeter at the 95 percent confidence level. This 

result could be written:

1 meter ±1 cm, at a level of confidence of 95%.



What is Measurement Uncertainty
Error vs Uncertainty

Error is the difference between the measured value and 

the ‘true value’

Uncertainty is the quantification of the doubt about the 

measurement result.

Looking at a 50 gram analytical test weight used to 

check laboratory balances.

Measured value 50.000112 grams with 0.000112 being 

the error.  Reported uncertainty of 0.000013 Grams.

Can be reported as 50.000112 ± 0.000013 Grams at k=2 

or 95% confidence interval.



Definition: Metrological traceability (VIM clause 2.41): Property 

of a measurement result whereby the result can be related to a 

reference through a documented unbroken chain of calibrations, 

each contributing to the measurement uncertainty.

ISO/IEC 17025:2017 “6.5 Metrological traceability”

6.5.1 The laboratory shall establish and maintain metrological 

traceability of its measurement results by means of a documented 

unbroken chain of calibrations, each contributing to the 

measurement uncertainty, linking them to an appropriate 

reference.



A chain of traceability exist when all of the measurements are known or 

can be known for each link or comparison along with the associated 

uncertainty of measurement 

Each link has an associated uncertainty.  Each uncertainty with each 

associated link will increase the further you get away from the origin 

(NIST)

NIST                                                                                     Commercial

Lab

Through NIST to the SI



A broken link may be an instance for example that the 

measurement uncertainty was not estimated  for that calibration 

and thus traceability stops at that point

Be aware that in a successive chain of calibrations, the uncertainty 

increases at every step of the chain.



7.6.1 Laboratories shall identify the contributions to measurement 

uncertainty. When evaluating measurement uncertainty, all contributions 

that are of significance, including those arising from sampling, shall be 

taken into account using appropriate methods of analysis.

Sounds like an uncertainty budget as specified in PL-3 “PJLA Policy on 

Measurement Uncertainty”

ISO/IEC 17025:2017 does not require a formal procedure as , however a 

procedure can still be used to incorporate the required elements of 7.6.1



Necessary steps in developing an estimate of 

measurement uncertainty

Identify: Make a list of all equipment or conditions 

that diminish the “correctness” of the 

measurement result. 

Quantify: Determine reasonable values for the 

standard uncertainty of each identified 

contributor. 
Combine: Combine all standard uncertainties  

using the RSS (Root Sum of Squares) method.

Expand the uncertainty: Multiply by the appropriate 

coverage factor to obtain the expanded uncertainty 

of the measurement result.

Step 1

Step 2

Step 3

Step 4



Combine: Combine all standard uncertainties  

using the RSS (Root Sum of Squares) method.

Expand the uncertainty: Multiply by the 

appropriate coverage factor to obtain the 

expanded uncertainty of the measurement result

uc * k

Necessary steps in developing an estimate 

of measurement uncertainty

2 2 2 2 2 2

c 1 2 3 4 5 6u = u +u +u +u +u +u



For all uncertainty budgets the following always would be included as 

contributors.

• Uncertainty associated with the standard used in the calibration –

Would be captured on the traceable calibration report. Normal 

expanded  divide by 2

• Uncertainty associated with the limited resolution of the device 

calibrated – Would be the smallest division which could be read of the 

unit under test. Rectangular divide by 1.73

• Uncertainty associated with repeatability – Standard deviation of 

repeatability studies performed by the  lab. Normal – standard 

deviation divided by 1 

Necessary steps in developing an estimate 

of measurement uncertainty



Uncertainty of the Standard

Comes of the traceable calibration report provided by the 

supplier.  This is considered a normal distribution and would be 

divided by the k factor identified on the certificate.  



Uncertainty associated with the 

Resolution of Device Under Test

This would be the smallest division which can be 

seen on the unit under test. 

From below if calibrating temperature of this 

device this would be 0.1ºC.  This is a rectangular 

distribution and would be divided by 1.73



Uncertainty due to Repeatability

This would be a normal distribution of repeatability study 

of at least 10 measurements and would be the standard 

deviation divided by one.  



• Uncertainty contributors are categorized as “Type A” or “Type 

B” based on the manner in which they are evaluated.

• A Type A evaluation involves evaluation by statistical methods 

of a series of results.

• Type B evaluation is evaluation by any means other than 

statistical (Reference books, published values, experience, 

judgment etc



Common Sources of Uncertainty

• Uncertainty associated with the standard used

• Uncertainty associated with limited resolution

• Uncertainty due to repeatability

• Uncertainty associated with the environment

• Uncertainty associated with equipment accuracy, ie drift

• Uncertainty in regards to properties and condition of the unit under test-e.g., 

reflectance, hardness, unit exhibits wear 

• Manufacturer Specifications

• Homogeneity or Uniformity







CMC is a calibration and measurement capability available to customers 

under normal conditions:

a) as described in the laboratory’s scope of accreditation granted by a 

signatory to the ILAC Arrangement; or

b) as published in the BIPM key comparison database (KCDB) of the 

CIPM MRA.



Normal distribution:

➢ Defined by the mean (µ) and 

the  standard deviation (u). +/-

2 standard deviations 

➢ Frequently encountered in 

uncertainty analysis.

➢ Usually has a divisor of 1 or 1 

standard deviation.  Usually 

associated with Type A 

(statistical)

+2u-2u

95%

Distribution Types: Four common types of error distributions

µ



-a a

Distribution Types: Four common types of error distributions

µ



µ

Distribution Types: Four common types of error distributions

-a a



-a a

Distribution Types: Four common types of error distributions

(Do not confuse with “U” the expanded uncertainty)
µ



Random or Systematic Variation

Random Variation - where repeating the measurement gives a 

randomly different result. If so, the more measurements you make, and 

then average, the better estimate you generally can expect to get.

Examples: Posture changes affect height measurements, Reaction speed 

affects timing measurements, Slight variations in viewing angle affect 

volume measurements.



Random or Systematic Variation

Systematic Variation - where the same influence affects the result for 

each of the repeated measurements (but you may not be able to tell). In 

this case, you learn nothing extra just by repeating measurements. Other 

methods are needed to estimate uncertainties due to systematic effects, 

e.g. different measurements, or calculations.

Examples of Systematic Variation: A scale gives a mass measurement 

that is always “off” by a set amount, Metal rulers consistently give 

different measurements when they are cold compared to when they are 

hot due to thermal expansion, Drift occurs when successive 

measurements become consistently higher or lower as time progresses. 

Electronic equipment is susceptible to drift.



Systematic errors are a bigger problem than random errors. This is 

because random errors affect precision, but it’s possible to average 

multiple measurements to get an accurate value. In contrast, 

systematic errors affect Accuracy. Unless the error is recognized, 

measurements with systematic errors may be far from true values 

and increase the chances of false accept/reject.



The terms estimation and evaluation is utilized in ISO/IEC 17025:2017 

concerning uncertainty requirements

Evaluation                                         Estimation                                 

Where the test method precludes rigorous evaluation of measurement 

uncertainty, an estimation shall be made 

A laboratory performing calibrations, including of its own equipment, 

shall evaluate the measurement uncertainty 



7.6.2 A laboratory performing calibrations, including of its own 

equipment, shall evaluate the measurement uncertainty for all 

calibrations.

In-house calibrations are specified in PJLA PL-2 for traceability.

Example:  Testing lab calibrates their own balances which are 

used in testing activities.  



7.6.3 A laboratory performing testing shall evaluate measurement 

uncertainty. Where the test method precludes rigorous evaluation 

of measurement uncertainty, an estimation shall be made based 

on an understanding of the theoretical principles or practical 

experience of the performance of the method.

What does this Mean?



NOTE 1 In those cases where a well-recognized test method specifies 

limits to the values of the major sources of measurement uncertainty 

and specifies the form of presentation of the calculated results, the 

laboratory is considered to have satisfied 7.6.3 by following the test 

method and reporting instructions.

Rapid method kits that specify limits to the values of the major 

sources (contributors) of uncertainty, as well as well-recognized rapid 

methods where kits are used to determine qualitative results, 



NOTE 2 For a particular method where the measurement uncertainty of the results has 

been established and verified, there is no need to evaluate measurement uncertainty for 

each result if the laboratory can demonstrate that the identified critical influencing 

factors are under control.

NOTE 3 For further information, see ISO/IEC Guide 98-3, ISO 21748 and the ISO 

5725 series.

ISO/IEC Guide 98-3 - Uncertainty of measurement —Part 3: Guide to the expression of 

uncertainty in measurement (GUM:1995

ISO 21748 -Guidance for the use of repeatability, reproducibility and trueness 

estimates in measurement uncertainty evaluation

ISO 5725 - Accuracy (trueness and precision) of measurement methods and results -

Part 3: Intermediate measures of the precision of a standard measurement method



ASTM D 6184 – 98 Standard Test Method for Oil Separation 

from Lubricating Grease (Conical Sieve Method)

Compliance of Test Results with Performance Specification:

•



Repeatability: The difference between two test results, obtained by 

the same operator with the same apparatus under constant specified 

operating conditions on identical test material would, in the long 

run, in the normal and correct operation of the test method, exceed 

the following values only in 1 case in 20:

Repeatability: % oil separation = 

Reproducibility: The difference between two single and 

independent results by two different operators working in different 

laboratories on identical test material would. in the long run, in the 

normal and correct operation of the test method, exceed the 

following values only in 1 case in 20:

Reproducibility: % oil separation = 

Note: In both cases M is the mean of two tests or determinations

• What does this mean?

0.51.151 x (M)

0.51.517 x (M)



Here's what it means: ASTM D 6184 

A trained laboratory technician performing the tests 

✓ in accordance with the prescribed method (consistently following the 

procedure) 

✓ under the prescribed conditions (environmental conditions such as 

temperature, barometric pressure, local value of g etc. are within the 

acceptable limits) 

✓ using specified equipment (not substituting equipment which may 

perform differently than the equipment specified)

✓ in a continued state of known performance capability (in a state of 

current calibration or verification)

can evaluate its results against the stated acceptance criteria and can then 

report acceptance or rejection against the stated acceptance criteria with a 

95% confidence level.



Acceptance criteria are developed by in depth statistical analysis of 

sample results from multiple laboratories performing the same test 

multiple times.

Sample data obtained from multiple laboratories performing the 

same test multiple times, permits the determination of the mean (µ) 

of the distribution of sample averages. (i.e. the experimental 

standard deviation of the mean) and the standard deviation. This is 

used to establish acceptance criteria with a probability of 19 times 

out of 20 or 95%.

Uncertainty is present due to variation of equipment, operator skill 

and reproducibility but the manner by which the acceptance 

criteria is determined includes the uncertainty in the method of the 

analysis and therefore does not require further analysis.



Summary of Test Method 4.1

The weighed sample is placed in a cone-shaped, wire cloth sieve, 

suspended in a beaker, then heated under static conditions tor the 

specified time and temperature. 

Unless otherwise required by the grease specification, the sample 

is tested at standard conditions of 100 C + 0.5 C for 30 +/- 0.25 

hr. The separated oil is weighed and reported as a percentage of 

the mass of the starting test sample.

The sample is weighed on a balance

It is heated to a specified temperature

It is maintained at the specified temperature for a specified time

The sample is visually examined to detect non-homogeneity such 

as oil separation, phase changes or gross contamination. 



Detailed dimensions with tolerances are provided for the cone and 

the wire mesh material of which it is constructed.

A target dimension is provided to insure that the amount of sample 

material in the sieve is approximately the same for each test.

The sample is visually examined to detect non-homogeneity such 

as oil separation, phase changes or gross contamination. 

The balance must have a 250 g capacity with 0.01 g resolution. 

The sample is heated to a 100 C +/- 0.5 C.

The sample is maintained at the specified temperature for 30 hours 

+/- 15 minutes.

These potential variations were present during the statistical 

analysis which developed the acceptance criteria. As a result, 

further evaluation of measurement uncertainty is not required.



7.8.3.1 In addition to the requirements listed in 7.8.2, test reports shall, 

where necessary for the interpretation of the test results, include the 

following:

c) where applicable, the measurement uncertainty presented in the same 

unit as that of the measured or in a term relative to the measured (e.g. 

percent) when:

— it is relevant to the validity or application of the test results;— a 

customer's instruction so requires, or— the measurement uncertainty 

affects conformity to a specification limit;



In the following examples, it will normally be necessary to report 

measurement uncertainty in order to comply with 7.8.3.1 c), if the 

laboratory is not required to report a statement of conformity:

Environmental tests conducted regularly and where conformity to 

a specification limit is assessed by the customers. Such cases may 

be mandated by legislation or be voluntary. In order for customers 

to assess if a test parameter is subject to change and poses a risk 

for not complying with the regulation, the measurement 

uncertainty needs to be known. The measurement uncertainty is 

necessary for the customers to make a qualified decision, e.g., on 

changes to their water or waste water treatment facilities.



Product tests where a product is tested for conformity to a 

specification. In such cases the test result may be quantitative as 

well as pass/fail. In both cases the reporting of measurement 

uncertainty should be important for a customer to assess the risk 

of product failure for an item near the specification limit. This is 

particularly relevant if the customer is the product manufacturer.

If unclear the determining factor should be determined during 

contract review.

As per 7.8.3.1

customer's instruction so requires



7.8.4.1 In addition to the requirements listed in 7.8.2, calibration

certificates shall include the following:

a) the measurement uncertainty of the measurement result presented in 

the same unit as that of the measured or in a term relative to the 

measured (e.g. percent);

As per PJLA PL-3 on Measurement Uncertainty

Any deviation from this requirement would need to come under the realm 

of simplified reporting as specified in ISO/IEC 17025:2017(clause 

7.8.1.3). This is only permissible, if agreed to by the customer during the 

contract review process. This agreement shall be documented. 



7.8.5 Where the laboratory is responsible for the sampling activity, in 

addition to the requirements listed in 7.8.2, reports shall include the 

following, where necessary for the interpretation of results:

f) information required to evaluate measurement uncertainty for 

subsequent testing or calibration.

decision rule: rule that describes how measurement uncertainty is 

accounted for when stating conformity with a specified requirement

7.8.6.1 When a statement of conformity to a specification or standard is 

provided, the laboratory shall document the decision rule employed, 

taking into account the level of risk (such as false accept and false reject 

and statistical assumptions) associated with the decision rule employed, 

and apply the decision rule.



Conditions associated with taking measurement uncertainty into 

account when making a statement of compliance.

Pass   Pass?   Fail?    Fail



7.8.6.2c state the following

The laboratory shall report on the statement of conformity, such 

that the statement clearly identifies the decision rule applied 

(unless it is inherent in the requested specification or standard).”

Unless it is inherent in the requested specification or standard;

So what does this mean?



There are testing methods that determine how the rules are 

applied. One good, common illustration is ASTM E18 for 

Rockwell Hardness where the testing  decision rules take 

uncertainty into account effectively  in the repeat testing and other 

"limits" as to the spread of the data etc. and the rules are defined 

in the method. 



Another is ASTM A29 for Standard Specification for General 

Requirements for Steel Bars, Carbon and Alloy Hot-Wrought 

where it has an auxiliary table that is based on the method 

uncertainty to give some "extra" room to make a decision. 



This guidance document has been prepared to assist laboratories in the use of decision 

rules when declaring statements of conformity to a specification or standard as required 

by ISO/IEC 17025:2017 

ISO/IEC 17025:2017 recognizes that no single decision rule can address all statements 

of conformity across the diverse scope of testing and calibration

Keep in mind as per Review Request Tenders and Contracts:

7.1.3 When the customer requests a statement of conformity to a specification or 

standard for the test or calibration (e.g. pass/fail, in-tolerance/out-of-tolerance), the 

specification or standard and the decision rule shall be clearly defined. Unless inherent 

in the requested specification or standard, the decision rule selected shall be 

communicated to, and agreed with, the customer.



This time is allocated for questions.  You should have a 

space provided for submitting questions.  

.

If a question is not answered, please submit directly to 

webinar@pjlabs.com



Save the Date

ISO/IEC 17025:2017 -7.9 Complaints: Overview of 

Requirements


