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Development of Calibration Certificates
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ISO/IEC 17025:2017 Requirements

4

The standard requires answers to 5 key questions:

WHAT was calibrated?

WHEN was it calibrated?

WHERE was it calibrated?

WHO calibrated it?

HOW was it calibrated?
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7.8 Reporting the 
results

7.8.2 Common 
requirements (test, 

calibration, 
sampling)

7.8.1 General

7.8.3 Specific 
requirements-

testing

7.8.4 Specific 
requirements-

calibration

7.8.5 Specific 
requirements-

sampling

7.8.8 Amendments 
to reports

7.8.6 Reporting 
statements of 

conformity

7.8.7. Reporting 
opinions and 

interpretations
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ISO/IEC 17025:2017 Requirements

• 7.8.1.1 The results shall be reviewed and authorized prior to 
release.

6

By WHOM?

6.2.5 The laboratory shall have procedure(s) and retain records for: 
e) authorization of personnel

6.2.6 The laboratory shall authorize personnel to perform specific 
laboratory activities, including but not limited to, the following: 

c) report, review and authorization of results
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ISO/IEC 17025:2017 Requirements

• 7.8.1.2  The results shall be provided accurately, clearly, 
unambiguously and objectively, usually in a report (e.g. a test 
report or a calibration certificate or report of sampling), and shall 
include all the information agreed with the customer and necessary 
for the interpretation of the results and all information required by 
the method used. All issued reports shall be retained as technical 
records.

7

• If something is unambiguous, there is only one way to interpret it.
• When you do something objectively, you do it with an open mind, 

considering the facts rather than your personal feelings
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ISO/IEC 17025:2017 Requirements

• 7.8.1.3 When agreed with the customer, the results may be 
reported in a simplified way. Any information listed in 7.8.2 to 7.8.7 
that is not reported to the customer shall be readily available.

8

• No longer specifies internal customers or written agreement with 
external customers
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ISO/IEC 17025:2017 Requirements

7.8.2.1 Each report shall include at least the following information, 
unless the laboratory has valid reasons for not doing so, thereby 
minimizing any possibility of misunderstanding or misuse:

a) a title (e.g. “Test Report”, “Calibration Certificate” or “Report of 
Sampling”);

b) the name and address of the laboratory;

c) the location of performance of the laboratory activities, including 
when performed at a customer facility or at sites away from the 
laboratory’s permanent facilities, or in associated temporary or mobile 
facilities;

d) unique identification that all its components are recognized as a 
portion of a complete report and a clear identification of the end;
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ISO/IEC 17025:2017 Requirements

e) the name and contact information of the customer;

i) the date(s) of performance of the laboratory activity;

j) the date of issue of the report;

l) a statement to the effect that the results relate only to the 
items tested, calibrated or sampled;

If calibrating 10 gauge blocks of 10 mm, it would be 
relevant to state which results are for which gauge 

block
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ISO/IEC 17025:2017 Requirements

m) the results with, where appropriate, the units of 
measurement;

o) identification of the person(s) authorizing the report;

By stating their corresponding name, title, and 
signature. Each authorized signatory accepts 

responsibility for the technical accuracy and validity 
of the reported results. 
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ISO/IEC 17025:2017 Requirements

7.8.2.1 NOTE: Including a statement specifying that the report 
shall not be reproduced except in full without approval of the 
laboratory can provide assurance that parts of a report are not 
taken out of context.

• The calibration certificate cannot be reproduced (to make another
copy) only in part, where some pages are missing.

• Certificates are allowed to be reproduced as complete documents
(all pages). This ensures that the user will get the complete
information, and therefore, proper interpretation of data results.

• In any case, you want to reproduce only one part (f.i. only 1 page),
ask the laboratory for approval.
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ISO/IEC 17025:2017 Requirements

7.8.2.2 The laboratory shall be responsible for all the 
information provided in the report, except when information is 
provided by the customer. Data provided by a customer shall 
be clearly identified. In addition, a disclaimer shall be put on 
the report when the information is supplied by the customer 
and can affect the validity of results. Where the laboratory has 
not been responsible for the sampling stage (e.g. the sample 
has been provided by the customer), it shall state in the report 
that the results apply to the sample as received.

13

Information provided by the customer may be needed 
to proceed with calibration if environmental criteria are 
not within predefined limits (customer location and QS)
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ISO/IEC 17025:2017 Requirements

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 measurand or in a 
term relative to the measurand (e.g. percent);

NOTE According to ISO/IEC Guide 99, a measurement result 
is generally expressed as a single measured quantity value 
including unit of measurement and a measurement 
uncertainty.

14

multiple or submultiple
coverage factor and estimated confidence 

interval shall accompany the measurement 
result
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ISO/IEC 17025:2017 Requirements

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 measurand or in a 
term relative to the measurand (e.g. percent);

NOTE According to ISO/IEC Guide 99, a measurement result 
is generally expressed as a single measured quantity value 
including unit of measurement and a measurement 
uncertainty.

15

Special care shall be used when the coverage factor is not consistent for 
all calibrated items. The results table should be formatted to clearly 

identify individual coverage factors when variations exist (e.g., an 
additional column containing the corresponding coverage factors).
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ISO/IEC 17025:2017 Requirements

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 measurand or in a 
term relative to the measurand (e.g. percent);

NOTE According to ISO/IEC Guide 99, a measurement result 
is generally expressed as a single measured quantity value 
including unit of measurement and a measurement 
uncertainty.
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When appropriate, significant uncertainty components 
and the rationale for their inclusion are included. 
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ISO/IEC 17025:2017 Requirements

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 measurand or in a 
term relative to the measurand (e.g. percent);

NOTE According to ISO/IEC Guide 99, a measurement result 
is generally expressed as a single measured quantity value 
including unit of measurement and a measurement 
uncertainty.

17

The use of standard industry practices or reporting 
units based on customer requests is permitted.
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ISO/IEC 17025:2017 Requirements

7.8.4.1 In addition to the requirements listed in 7.8.2, 
calibration certificates shall include the following:

b) the conditions (e.g. environmental) under which the 
calibrations were made that have an influence on the 
measurement results;

c) a statement identifying how the measurements are 
metrologically traceable (see Annex A);

d) the results before and after any adjustment or repair, if 
available;

e) where relevant, a statement of conformity with 
requirements or specifications (see 7.8.6);

f) where appropriate, opinions and interpretations (see 7.8.7).

18
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ISO/IEC 17025:2017 Requirements

7.8.4.1e) where relevant, a statement of conformity with 
requirements or specifications (see 7.8.6);

19

Compliance refers to an assessment of all criteria of a referenced 
documentary standard and not a limited assessment of a portion or 
specific clauses (e.g., compliance to all specifications versus only the 
tolerance specification)

When a statement of conformity is made, the laboratory must 
clearly identify to which results the statement of conformity applies 
(e.g., all results or a specific portion of the results), which 
specifications, standards or parts thereof are met or not met, and 
the decision rule applied (unless the decision rule is inherent in the 
specification or documentary standard)
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ISO/IEC 17025:2017 Requirements

7.8.4.1e) where relevant, a statement of conformity with 
requirements or specifications (see 7.8.6);

20

…the laboratory shall document the decision rule applied, take 
into account the level of risk associated with the decision rule 
employed (such as false accept, false reject, and statistical 
assumptions), and apply the decision rule. 

Where decision rules regarding uncertainties and tolerances 
are not part of the documentary standard, decision rules will 
be agreed to by the customer and reported on the calibration 
certificate.
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ISO/IEC 17025:2017 Requirements

7.8.4.1 f) where appropriate, opinions and interpretations (see 
7.8.7).

21

Opinions and interpretations, where appropriate and needed, 
shall be based on the measurement results, clearly stated, and 
identified as such. 

Only technically competent laboratory personnel are permitted 
to express opinions and interpretations (e.g., an authorized 
signatory).

When opinions and interpretations are directly communicated 
and discussed with the customer, a record of the conversation 
shall be documented and retained.
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ISO/IEC 17025:2017 Requirements
Opinions and interpretations
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Results Report

Is it required to 
express opinions 

& 
interpretations?

Results with no 
opinions & 

interpretations

1. Authorized 
personnel (6.2.6 c)

2. Document the 
source (theory, 

justification, 
rationale)

3. Communication 
with customer

C
U

ST
O

M
ER

NO

YES
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ISO/IEC 17025:2017 Requirements
Opinions and interpretations

• Participate in the review of the 
relevant information from the 
request, offer and contract (cl. 7.1)

• Review the scope of the 
information that is required to be 
presented as an opinion and 
interpretation

• Reject what it is considered as a 
“subjective” opinion or an 
“groundless” interpretation

23

1. Authorized personnel (6.2.6 c)
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Opinions and interpretations

Recall clause 7.8.2.1:

l) a statement to the 
effect that the results 
relate only to the items 
tested, calibrated or 
sampled

24

2. Document the source (theory, justification, rationale)

✓ Consistency with the 
results obtained

✓ Clearly identify in the 
report
“Clarity in the wording”

Not to be confused with the statement of conformity (7.8.6)
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Opinions and interpretations
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3. Communication with customer

What, When, With whom, How to 
COMMUNICATE

Consider the RISK of the customer MAKING DECISIONS 
based on this communicated information

Before or after issuing the report?

Ensure the understanding by the customer of 
the provided information when presenting 

opinions or interpretations
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Opinions and interpretations

26

“HEAR NO EVIL, SEE NO EVIL, SPEAK NO EVIL“: It shall not be 
used…

…IN CASE OF: Difficulty in understanding the information by the 
client or denial of decisions agreed between the parties

7.8.7.3 When opinions and
interpretations are directly
communicated by dialogue
with the customer, a record of
the dialogue shall be retained

Record the communication 
in the customer’s folder

Emails, Calls
Agreed recordings

Official letters
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ISO/IEC 17025:2017 Requirements
Opinions and interpretation- EA-4/23

• All aspects of the arrangements for opinion and 
interpretation shall be documented by the laboratory 
including the boundaries of the offering, the contract review 
mechanisms, staff, competencies, methods for reporting the 
opinion and interpretation and the record keeping.

• Expression of opinions and interpretations relating to results 
is considered to be an inherent part of calibration and the 
AB shall not accredit expression of opinions and 
interpretations in reports as a separate activity.

27
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ISO/IEC 17025:2017 Requirements
Opinions and interpretation-EA-4/23

• It is necessary to ensure that the scope of use of opinions 
and interpretations is clearly defined. The main criterion 
that applies:

• The opinions and interpretations expressed in calibration 
reports must be based on the results obtained from the 
calibrated item. They are not to be used for product 
certification as they only input to that process.

• Statements of conformity are not considered as opinion and 
interpretation since they are based on unambiguous data 
and clarified by decision rules

28
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Opinions and interpretations-EA-4/23

• The laboratory must clearly detail the policies and relevant 
procedures related to opinion and interpretation if the 
laboratory includes opinion and interpretation in what it 
reports to the client (management system documentation).

29

Documents reflecting the process

Criteria for competence of personnel

Records of qualifications, experience and training of personnel

Internal audit records
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Opinions and interpretations-EA-4/23

• The contract review procedure needs to cover:

30

Confirmation that the client’s needs and wishes have been 
understood

The client has understood and accepted the implications of 
such statements

The laboratory has the necessary professional competencies 
authorised to make such statements

That any legal requirements are understood and can be 
complied with

The O&I given cannot be used for product certification in 
isolation and are based on the results of the items tested.
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ISO/IEC 17025:2017 Requirements

7.8.4.3 A calibration certificate or calibration label shall not 
contain any recommendation on the calibration interval, 
except where this has been agreed with the customer.

31

…or when required for legal applications
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7.8.6 Reporting statements of conformity

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.

NOTE Where the decision rule is prescribed by the customer, 
regulations or normative documents, a further consideration of the 
level of risk is not necessary.

32

decision rule: rule that describes how measurement uncertainty is 
accounted for when stating conformity with a

specified requirement
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7.8.6 Reporting statements of conformity

7.8.6.2 The laboratory shall report on the statement of conformity, 
such that the statement clearly identifies:

a) to which results the statement of conformity applies;

b) which specifications, standards or parts thereof are met or not met;

c) the decision rule applied (unless it is inherent in the requested 
specification or standard).

33
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Reporting Statements of Conformity

Example: If accepted by the customer as per the requirements 
specified in 7.1.3, the following decision rule can be 
documented:

34

The results will be marked as “pass” if,  accounting for the 
uncertainty will be taken to mean tat at a 95% confidence level, the 
measurement results plus and minus the expanded uncertainty 
(k=2) are totally within the specification limits
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ILAC-G8:09/2019- Guidelines on Decision Rules and Statements 
of Conformity

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.

The standard recognizes that no single decision rule can 
address all statements of conformity across the diverse scope 
of (testing and) calibration.

35
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Reporting Statements of Conformity

ILAC-G8:09/2019

Refresh terminology:

Tolerance Limit (TL) (Specification Limit)

specified upper or lower bound of permissible values of a 
property

Acceptance Limit (AL)

specified upper or lower bound of permissible measured 
quantity values

Guard Band (w)

interval between a tolerance limit and a corresponding 
acceptance limit where length 𝑤=|𝑇𝐿−𝐴𝐿|.

36
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Reporting Statements of Conformity

ILAC-G8:09/2019

37
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Reporting Statements of Conformity

ILAC-G8:09/2019

Refresh terminology:

Simple Acceptance

a decision rule in which the acceptance limit is the same as the 
tolerance limit, i.e. 𝐴𝐿=𝑇𝐿

Maximum Permissible Error (MPE) (of Indication)

for a measuring instrument, maximum difference, permitted 
by specifications or regulations, between the instrument 
indication and the quantity being measured

Test Uncertainty Ratio (TUR) 

the ratio of the tolerance, TL, of a measurement quantity, 
divided by the 95% expanded measurement uncertainty of the 
measurement process where 𝑇𝑈𝑅=𝑇𝐿/𝑈.

38
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Reporting Statements of Conformity

ILAC-G8:09/2019

Refresh terminology:

Specific Risk

is the probability that an accepted item is non-conforming, or 
that a rejected item does conform. This risk is based on 
measurements of a single item.

Global Risk

is the average probability that an accepted item is non-
conforming, or that a rejected item does conform. It does not 
directly address the probability of false accept to any single 
item, discrete measurement result or individual workpiece.

39
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ILAC-G8:09/2019

Making a statement of conformity: Two main cases:

a. A correct decision is made regarding conformance to 
specification

b. An incorrect decision is made regarding conformance to 
specification

40
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Reporting Statements of Conformity

ILAC-G8:09/2019

Making a statement of conformity: Importance of uncertainty

41

Source: OIML G19:2017
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Reporting Statements of Conformity

ILAC-G8:09/2019

Making a statement of conformity: Importance of uncertainty

42

A decision about whether or not the device is 
considered to pass the particular test could 
depend upon whether acceptable levels of 
probability (risk) were met for that kind of test. 
For example, the device could be considered to 
pass the particular test if there was less than a 
10 % probability that it was non-conforming, 
meaning An < 0.1 = 10 %

Source: OIML G19:2017
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Reporting Statements of Conformity

ILAC-G8:09/2019

Making a statement of conformity: Importance of uncertainty

43

Source: OIML G19:2017
If ĒI is exactly equal to MPE+:
a) which is the probability  that the error 
of indication lies within the conformance 
zone?
b) which is the probability  that the error 
of indication is outside the conformance 
zone?
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Reporting Statements of Conformity

ILAC-G8:09/2019

Guard Bands:

Can reduce the probability of making an incorrect 
conformance decision.

44
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Reporting Statements of Conformity

ILAC-G8:09/2019

Binary Acceptance for simple acceptance rule (w=0)
pass or a fail without taking any risk of making a wrong decision into 
account, as long as the mean measured value falls inside the acceptance 
zone

• Pass- acceptance based on simple acceptance; if the 
measurement result is below the acceptance limit, AL=TL

• Fail- rejection based on simple acceptance; if the measurement 
result is above the acceptance limit, AL=TL

45

However: Decision rule: rule that describes how measurement uncertainty is 
accounted for when stating conformity with a specified requirement
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Reporting Statements of Conformity

ILAC-G8:09/2019

Binary Acceptance for simple acceptance rule (w=0)

• The maximum risk that the laboratory is assuming when 
declaring conformity to a specification limit is 50% when the 
test result is on the dot of the specification limit.  

• Would this be too high a risk for the laboratory to take? 

46
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Reporting Statements of Conformity

ILAC-G8:09/2019

Binary statement with guard band

• Pass- acceptance based on guard band; if the measurement result 
is below the acceptance limit, AL=TL-w

• Fail- rejection based on guard band; if the measurement result is 
above the acceptance limit, AL=TL-w

• Usually: w=U

47
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Reporting Statements of Conformity

ILAC-G8:09/2019

Binary statement with guard band

48
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Reporting Statements of Conformity

ILAC-G8:09/2019

Binary statement with guard band

• The decision to give a pass for the measurement found within the 
acceptance zone is to the full advantage of the laboratory (zero 
risk as long as the laboratory is confident of its measurement 
uncertainty, U),  

• However, to state a clear “fail” in the case where the 
measurement is within the w-zone of the acceptance zone may 
not be received well by the customer who would expect a “pass” 
based on the numerical value alone, which has been done all this 
while.  

• Shouldn’t the laboratory determine and bear a certain percentage 
of risk by working out with the customer on its acceptable critical 
measurement value where a certain portion of U lies outside the 
upper and lower specification limits?

49
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Reporting Statements of Conformity

ILAC-G8:09/2019

Non Binary statement with guard band

• Pass- if the measurement result is below the acceptance limit, 
AL=TL-w

• Conditional Pass- if the measurement result is inside the guard 
band and below the tolerance limit, in the interval (TL-w; TL)

• Conditional Fail- if the measurement result is above the 
tolerance limit added the guard band, in the interval (TL; TL+w)

• Fail- if the measurement result is above the tolerance limit but 
below the tolerance limit added the guard band, TL+w

50
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Reporting Statements of Conformity

ILAC-G8:09/2019

Non Binary statement with guard band

The “Conditional Pass / Fail” needs further clarification and 
explanations with the customer after considering a certain 
percentage of risk to be borne for the critical measurement values 
to be reported by the test laboratory.  A statement to the effect that 
“a conditional pass / fail with 95% confidence” might be necessary 
to clarify the situation. 

51



INTERNATIONAL

KNOWLEDGE

TRANSFER
Reporting Statements of Conformity

ILAC-G8:09/2019

Measurement Uncertainty, Indirectly Taken into Account: Challenge

52

w=U

U=TL/10

w=U

U=TL/2
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Reporting Statements of Conformity

ILAC-G8:09/2019

Measurement Uncertainty, Indirectly Taken into Account: 
Challenge- How to solve it:

• OIML R76-1:2006 (NAWIs) requires that “…the standard masses 
used for the type examination or verification of an instrument …. 
shall not have an error greater than 1/3 of the MPE. If they belong 
to class E2 or better, their uncertainty is allowed to be not greater 
than 1/3 of the MPE of the instrument (the tolerance)”

• OIML R117-1:2007 Dynamic measuring systems for liquids other 
than water Part 1: Metrological and technical requirements A.2 
Uncertainties of measurement: When a test is conducted, the 
expanded uncertainty of the determination of errors on 
indications of volume or mass shall be less than one-fifth of the 
maximum permissible error (MPE) (the tolerance)

53
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Reporting Statements of Conformity

ILAC-G8:09/2019

Measurement Uncertainty, Indirectly Taken into Account: 
Challenge- How to solve it:

54

Source: OIML G19:2017

1/fE1
=TUR
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Reporting Statements of Conformity

ILAC-G8:09/2019

Measurement Uncertainty, Directly Taken into Account: 

• ISO/IEC 17025:2017: laboratories evaluate measurement 
uncertainty and shall apply a documented decision rule when 
making statements of conformity.

• Various approaches depending on the different guard bands that 
can be applied.

• Often: 𝑤=𝑟𝑈. Usually: 𝑤=𝑈

55
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Reporting Statements of Conformity

ILAC-G8:09/2019

Measurement Uncertainty, Directly Taken into Account: 

• Other approaches:

56
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Reporting Statements of Conformity

ILAC-G8:09/2019

57

Pass/Fail Conformity 
Decision Rule selection 
flow chart

Source: ILAC-G8:09/2019
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Reporting Statements of Conformity

ILAC-G8:09/2019

58
Source: NSAI National Metrology Laboratory (NML)
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Reporting Statements of Conformity

ILAC-G8:09/2019

59
Source: NSAI National Metrology Laboratory (NML)
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Reporting Statements of Conformity

ILAC-G8:09/2019
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Source: NSAI National Metrology Laboratory (NML)
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Reporting Statements of Conformity

ILAC-G8:09/2019

61
Source: NSAI National Metrology Laboratory (NML)
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Reporting Statements of Conformity

ILAC-G8:09/2019

62
Source: NSAI National Metrology Laboratory (NML)
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• 7.8.8 Amendments to reports.

63

Issued Calibration 
Certificate can be:

• Changed

• Amended

• Re-issued

Where 
appropriate, 
include the 

reason of the 
change

Clearly 
identify any 

change

Supplements

Further document/New certificate –
Reference to the certificate it 

replaces/amends
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• 7.8.8 Amendments to reports.
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Issued Calibration 
Certificate can be:

• Changed

• Amended

• Re-issued

Where 
appropriate, 
include the 

reason of the 
change

Clearly 
identify any 

change

Supplements

Further document/New certificate –
Reference to the certificate it 

replaces/amends
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Use and Interpretation of Calibration 
Certificates
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Most companies/laboratories file the calibration certificate as a 
historical record. Not a good practice!

Enter the certificate data into your local database that you use to track 
the status of your equipment inventory.

Use the information from the calibration certificates to your fullest 
benefit.

Review the calibration certificate before using the equipment. This will 
ensure that the proper information is received and that the calibration 
results show that the equipment will perform as intended.
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Accreditation or CIPM-
MRA Logo 

• Confirmation of the 
technical capability of 
the laboratory

• This logo identifies 
the organization that 
accredited the 
laboratory and will 
contain the 
accreditation 
certificate number of 
the calibration 
provider.
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Accreditation or CIPM-
MRA Logo 

• Confirmation of the 
technical capability of 
the laboratory

• This logo identifies 
the organization that 
accredited the 
laboratory and will 
contain the 
accreditation 
certificate number of 
the calibration 
provider.

Proper Equipment 
Information:

• Does the certificate list 
the correct information 
for the specific 
instrument? 

• Manufacturer, model, 
description and serial 
number. 

• If any of this 
information is 
incorrect, it will 
invalidate the 
traceability of the 
certificate
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Accreditation or CIPM-
MRA Logo 

• Confirmation of the 
technical capability of 
the laboratory

• This logo identifies 
the organization that 
accredited the 
laboratory and will 
contain the 
accreditation 
certificate number of 
the calibration 
provider.

Proper Equipment 
Information:

• Does the certificate list 
the correct information 
for the specific 
instrument? 

• Manufacturer, model, 
description and serial 
number. 

• If any of this 
information is 
incorrect, it will 
invalidate the 
traceability of the 
certificate

Traceability Information 

• A list of the calibration 
standards used to 
perform the calibration 
(+ the description of 
the calibration 
standards + their 
appropriate calibration 
due dates. 

• Proof that the 
calibration standards 
were compared with 
national or 
international standards. 

• The traceability of the 
certificate cannot be 
determined without 
this information.
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Accreditation or CIPM-
MRA Logo 

• Confirmation of the 
technical capability of 
the laboratory

• This logo identifies 
the organization that 
accredited the 
laboratory and will 
contain the 
accreditation 
certificate number of 
the calibration 
provider.

Proper Equipment 
Information:

• Does the certificate list 
the correct information 
for the specific 
instrument? 

• Manufacturer, model, 
description and serial 
number. 

• If any of this 
information is 
incorrect, it will 
invalidate the 
traceability of the 
certificate

Traceability Information 

• A list of the calibration 
standards used to 
perform the calibration 
(+ the description of 
the calibration 
standards + their 
appropriate calibration 
due dates. 

• Proof that the 
calibration standards 
were compared with 
national or 
international standards. 

• The traceability of the 
certificate cannot be 
determined without 
this information.
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Statements of 
Conformity 

• Statements such as 
pass/fail or in-
tolerance/out-of-
tolerance need to be 
reviewed to 
determine the initial 
calibration status of 
the equipment

• Out-of-tolerance 
condition might had 
adverse effect on the 
measurements made 
with that item. If so, 
appropriate action 
may need to be 
taken.

Measurement 
Uncertainty Values

• Every measurement 
should have its 
corresponding 
measurement 
uncertainty value 
provided. 

• This number is 
important to determine 
the true error 
associated with the 
reported measurement 
value.

Measurement Data

• The actual calibration 
measurement results 
need to be provided 
for all accredited 
calibrations. 

• The data should 
include the ‘As Found’ 
and ‘As Left’ data 
along with specific 
identification for items 
that were found 
outside of the 
calibration 
specifications.
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Certificate Remarks

• There is usually a ‘Remarks’ 
section on the calibration 
certificate that is used to record 
specific issues on the performance 
of the equipment that were found 
during the calibration process that 
may impact the use of the 
equipment. 

• This section may include 
information on ‘limited 
calibrations’ where the calibration 
did not cover the full range of 
capabilities for the equipment or 
the item failed to meet the 
required instrument accuracy and 
new specifications were assigned

Environmental Conditions

• Most instruments are sensitive to 
the conditions in which they are 
operated. These influence 
quantities include environmental 
factors, operating methods and 
conditions, and instrument 
settings. 

• For factors that may affect the 
performance of the instrument, 
the calibration conditions will be 
specified on the certificate.

• The results reported on the 
certificate apply only for the 
conditions specified.
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Certificate Remarks

• There is usually a ‘Remarks’ 
section on the calibration 
certificate that is used to record 
specific issues on the performance 
of the equipment that were found 
during the calibration process that 
may impact the use of the 
equipment. 

• This section may include 
information on ‘limited 
calibrations’ where the calibration 
did not cover the full range of 
capabilities for the equipment or 
the item failed to meet the 
required instrument accuracy and 
new specifications were assigned

Environmental Conditions

• Most instruments are sensitive to 
the conditions in which they are 
operated. These influence 
quantities include environmental 
factors, operating methods and 
conditions, and instrument 
settings. 

• For factors that may affect the 
performance of the instrument, 
the calibration conditions will be 
specified on the certificate.

• The results reported on the 
certificate apply only for the 
conditions specified.
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Calibration Certificate Items to Review
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Review specific measurement values:

01
Determine if the instrument was out of tolerance when it was 
received by the calibration laboratory or if the measurement 
data is near their tolerance limits.

02
Evaluate the instrument’s performance and determine long-
term trends by comparing the current values to the values 
from previous calibrations.

03
If it is found that certain measurements are trending toward 
their tolerance limits or they are frequently out-of-tolerance, 
adjustments can be made to the equipment’s calibration 
interval 
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Applying Corrections to Instrument Readings
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Certificates are presented in a manner that simplifies the 
application of the results to your measurements

The calibration certificate reports results at selected points over 
the range of interest, as it is not practical to take or report 

measurements at every possible reading of most instruments

The spacing and number of points selected are sufficient to allow 
corrections for any reading to be deduced with sufficient accuracy 

by linear interpolation

If linear interpolation is considered inadequate, then an 
appropriate equation for the correction terms will be given. As a 
general rule, extrapolation of corrections is not recommended
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Applying Corrections to Instrument Readings-
Examples

1. A certificate reporting a table of corrections

• Consider a calibration certificate reporting corrections:
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Instrument reading (units) Correction (units)

100 -0.2

110 -0.3

120 -0.3

By convention a correction is added to the instrument reading, 
while a deviation is subtracted

The result of a measurement in which the instrument gave a 
reading of 110 units is obtained by adding the correction to the 
reading:

corrected result = 110 + (-0.3) = 109.7 units.



INTERNATIONAL

KNOWLEDGE

TRANSFERApplying Corrections to Instrument Readings-
Examples

2. A certificate reporting a correction equation

• The corrections may be presented as a simple polynomial equation. 
Consider a certificate that reports the corrections as

correction = 0.1 + 0.004 x reading - 0.001 x reading2

81

• The result of a measurement in which the instrument gave a 
reading of 50.0 units is obtained by adding the correction to the 
result:

corrected result = 50.0 + 0.1 + 0.004 x 50 - 0.001  x 502

=50.0 + 0.1 + 0.2 - 0.5 = 49.8

As with the table of corrections the equation should be 
chosen to be valid over the range of interest to the user.
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Applying Corrections to Instrument Readings-
Examples

3. A certificate reporting instrument readings

• For instruments that are expected to be used at particular 
points in their range or as calibration sources (e.g. voltage 
sources) it is often more convenient to present the results in 
terms of a measured value versus the instrument reading. 
This simplifies the use of the certificate at the points 
reported.

82
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3. A certificate reporting instrument readings (cont’d)

• Consider a certificate for a calibration source with the following 
table of results.
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Reference Value (units) Instrument Reading (units)

10 14.7

20 24.9

30 35.2

• To obtain a value of 10 units at the output of the source, the 
user simply adjusts the instrument to read 14.7 units.

• For values not listed on the table linear interpolation is 
used. There are two cases:



INTERNATIONAL

KNOWLEDGE

TRANSFER

Applying Corrections to Instrument Readings-
Examples

3. A certificate reporting instrument readings (cont’d)

i. The user requires a value of 15 units:
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( ) unitsreadinginstrument 8.197.149.24
1020

1015
7.14 =−

−

−
+=

ii. The instrument gives a reading of 20 units:

( ) unitsvaluereference 2.151020
7.149.24

7.1420
10 =−

−

−
+=
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Instrument Response IR=1.025x(RV)+4.4333

IR= 1.025x15+4.4333=19.8

RV=(20-4.4333)/1.025=15.2
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Applying Corrections to Instrument Readings-
Examples

4. A certificate reporting the value for a material measure

• The calibration result for a material measure is conventionally 
reported as a measured value:

A calibration is not an assurance that the measured value is 
equal to the nominal value or any value previously marked 

on the material measure.

Calibration does not necessarily involve adjustment.
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Nominal Value (units) Measured Value (units)

100 100.32
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4. A certificate reporting the value for a material measure (cont’d)

• Consider a material measure having a measured value as given by 
the table. 

87

Suppose the material measure is used with an indicating instrument 
and a reading of 100.01 units is obtained. 

The correction for the indicating instrument is then:

correction = measured value of reference standard- reading

= 100.032 - 100.01 = 0.02 units

where the correction has been rounded to the resolution of the 
instrument.

Nominal Value (units) Measured Value (units)

100 100.32
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Applying corrections for changes in conditions

• Most instruments are sensitive to the conditions in which they 
are operated. These influence quantities include 
environmental factors, operating methods and conditions, and 
instrument settings. 

• For factors that may affect the performance of the instrument, 
the calibration conditions will be specified on the certificate.

The results reported on the certificate apply only for the 
conditions specified.

88
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Applying corrections for changes in conditions

• Where the instrument may be operated in different conditions the
calibration laboratory may report information on the sensitivity of
the instrument to the influence quantity.

89

• Consider the example of a material measure of value 100.032
units calibrated at a temperature of 20.5 °C.

• The measure is used at 25 °C and the user ascertains, by
separate measurement or from the certificate or from
manufacturer’s specifications, that value will increase with
temperature by 0.01 units per °C.

• The correction to the value reported on the certificate is then:

correction = ( 0.01)x(25 - 20.5)= 0.045 units .
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Applying corrections for changes in conditions

• The temperature coefficient may have been reported as 
0.01% per °C or as 100x10-6 units/unit per °C. In this case the 
correction is calculated as

correction = 100.032 x ( 0.0001) x (25 - 20.5)= 0.045 units.

If a correction is not applied then a term accounting for the 
change in temperature should be included in the uncertainty.

90
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Overview

Transformation of a physical format to 
a digital one

Use of digital technologies to change a 
business model and supply new 
opportunities with added value
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Benefits

Machine readable

Easiness in the exchange of calibration results

Customers can receive and analyse certificates faster, reducing execution 
times and costs associated to the metrological confirmation process

Reduce human errors and their consequences
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Main Features

Based on the internationally accepted and approved 
exchange format XML (Extensible Markup Language)

All indications, including the numerical calibration curves, can 
be directly and automatically transferred into all digitally 

supported processes

Cryptographic signatures are used as security procedures to 
guarantee that the integrity and the authenticity of a 

calibration certificate is still ensured
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1. Administrative data 
(regulated area)

• Essential information of 
central interest

• The data fields are fixed.

• The information is usually on 
the first page of an analogue 
calibration certificate.

• The data are used to clearly 
identify the calibration 
laboratory, the calibration 
object and the calibration 
customer

2. Measurement results (partially 
regulated area)

• Representation of the 
measurement results: one of the 
most challenging tasks to be 
solved 

• A simple structure can be 
presented for those who do not 
already have an existing data 
exchange format

• Strongly regulated: the 
measurement results must be 
presented completely and only 
on the basis of the SI

Four areas:
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3. Comments (not regulated 
area)

• Information about a 
measurement process, 
which provides further 
information on the 
measurement results.

• Can be used optionally and 
without requirement. 

• Possible data: graphics from 
measurement curves, video 
or audio information, 
individual measurement 
series in any format.

4. Document (additional area)

• In this area, an optional 
version of the calibration 
certificate stored in PDF-A 
can be stored according to 
the previous paper 
publication. 

• Users of the DCC can thus see 
an image of their usual 
calibration certificate during 
the transition to a digital 
world.
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XML as 
Exchange 
Format

Norms and 
Standards

17025
CODATA

GUM
VIM

SI

• international 
accepted

• approved
• cryptographically 

signable

1.: Administrative Data

• regulated

2.: Results of the 
Calibration 

• regulated:

➢ 𝑌 = 𝑦 ± 𝑈(𝑘) [SI]

• not regulated:

➢ individual data

➢ …

3.: Comments

• not regulated

4.: Document
• human readable

Hierar-
chical

Structure

Source: The Digital Calibration Certificate 
Siegfried Hackel, Frank Härtig, Julia Hornig, 
Thomas Wiedenhöfer, PTB
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