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* Introduction to the practise in WGFF
how KCs are evaluated and why we have 1 < En < 1.2 as a warning level

« Basic idea of Bayesian Null Hypothesis Testing
« Some results of its application

 Conclusions and outlook
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Some Notes on Comparisons in WGFF @PTB

2025-06-27

main purpose is to approve CMCs
high value of DoF => k =2 commonly in use

only a few technologies for realisation/dissemination of units are in use
=> uncertainty sources quite good known
=> underrated uncertainties due to specific situations in an individual Lab
=> uncertainties prone to be overrated due to conservative estimates
=> no common dark uncertainty

transfer standard uncertainty plays specific role
=> shall be determined appropriately (see CCM-Webinar 51" Feb 2025)
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Introduction: Example out of CCM.FF-K6.2017
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Shall NMIA be urged to revise its CMC?
Or, shall NMIA ask for another comparison?
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x)

R inconsistent data

ll rejected by LCS-Proc.

Conventional Approach used in WGFF

Determination of LCS

with ngs = X[ZJOF,a
calculation of WM = [i

Result of KC:
{x, uita

__ldi
u(d;)
< Limit?

inconsistent data
{En,, > Limit}

calculation of {d,,u(d,)} En;
using i1 and {x, u;}

* In datasets with normal distributed random numbers * We have two stages of

consistent data

you will find in almost 25 % cases at least one En > 1 {En, < Limit} data judgement.
even if 2, < x3 :
Xobs = XDoFa * In many cases, we will
* We are using 1 < E, < 1.2 as a warning level include data in the KCRV
to reduce the risk that data are declared as inconsistent which finally are declared
when they already passed the y?-test . as non-reliable.

2025-06-27 5 CCM-WS-2025/11; WGFF usage of En-Values



EN ISO 17043: Definition and Usage of Zeta- and En-Score PTB

2025-06-27

DIN EN ISO/IEC 17043:2010-05
EN ISO/IEC 17043:2010 (E)

d) The zeta score, ¢ is calculated using Equation (B.4), where calculation is very similar to the £, number
[see e) below], except that standard uncertainties are used rather than expanded uncertainties. This
allows the same interpretation as for traditional - scores.

L e (B.4)

?!|ab2 + Havz

where
U5, IS the combined standard uncertainty of a participant's result;
uy, Is the standard uncertainty of the assigned value.
e) E, numbers are calculated using Equation (B.5):
x—X

E, = — > (B.5)

\/Ulab + Ut
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EN ISO 17043: Definition and Usage of Zeta- and En-Score PTB

DIN EN ISO/IEC 17043:2010-05
EN ISO/IEC 17043:2010 (E)

1) for = scores and zeta scores (for simplicity, only “z” is indicated in the examples below, but “” may
be substituted for “z” in each case):

— ld <20 indicates “satisfactory” performance and generates no signal,
— 20<[d4 <30 indicates “questionable” performance and generates a warning signal;

— |4 =30 indicates “unsatisfactory” performance and generates an action signal;

2) for E, humbers:

— |E”| =<1,0 indicates “satisfactory” performance and generates no signal;

— |E”| >1,0 indicates “unsatisfactory” performance and generates an action signal.

Please note: In ISO 17043:2023, this explicit ,warning“ related to z- or Zeta-score is removed;
but the new clause 7.7.2 is ,The proficiency testing provider shall select, justify and document
appropriate methods and performance criteria for evaluation of participant performance. “
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Bayesian Testing a Point Null Hypothesis PTB

Xi=,Ll+Ei+/1i

S

(unknown) N(0,u?) possibly
2 —
true value u? => CMC overlooked effect
HO,i: Ai =0 Hl,i: Ai #=0
Prior Py(4; = 0) = m, Prior P,(1; #0) =1 —m,
P, expresses prior belief pmf(Xi|Ai = 0) pdf (Ai|Ai # 0) Alternatevely (4; # 0),
about the probability a Gaussian prior is used.

of a lab-effect of zero. The hyperparameter ¢

expresses the belief about
the size of lab-effect.
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Bayesian Testing a Point Null Hypothesis

PIB

Xi=,Ll+Ei+/1i

(unknown)
true value

2025-06-27

S

N0.u2)
u? =>CMC

possibly
overlooked effect

HO,i: Ai = 0

Prior Py(4; = 0) = m,

Prior P;(4; #0) =1 —m,

Hl,i: Ai * 0

pmf(AilAi = 0) pdf (AilAi # 0)

JAAN

0

Ai o Ai

.

- Comparison Data = PO,posterior(Ho,ilx:7T0;T) = | Bayesian Analysis Tool

9

[Wibbeler et al., 2016]
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Bayesian Testing a Point Null Hypothesis

PIB

06

Xi=,u+6i+/1i

prior comparison:
Py(4,=0)=0.5
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P1,post(ﬁ~i * O)max PO,prior pos erior:
'DO ost(ﬂ’i = O)min =0.3 l
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The tool gives the individual Bayes factors B01 for each Lab
based on the data determined in the comparison.
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Posterior probability

0.05

[Wibbeler et al., 2016]
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Most reduced case: bilateral comparison PTB
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MC-Results

PIB
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simulating comparison with
four laboratories

random-generated data of N(0,u?)
10000 trials (10% plotted)

Case A: all laboratories have values
according to their CMC.

Case B: same as case A but
Lab1 has 30% underrated
uncertainty.

The trend is similar for both cases

There are more events at the right
low tail in case 2 (underrated
uncertainty of the Lab1)
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MC-Results PTB

 simulating comparison with
10 laboratories
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Comparing with findings in other publication PTB

t-factor [Berger et al., 1987]
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Bayesian Factors and Evidence PTB

t-factor [Berger et al., 1987]
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Conclusions @PTB

« The application of Bayesian hypothesis testing enables the usage of Bayesian factors
as evidence indicators whether a claimed CMC is correct *) or not.

» The ranges of Bayesian factors indicating sufficient evidence (see e.g. [Berger et al, 1987])
to reject the Hy-hypothesis (i.e. CMC is correct) correspond to En-scores larger than 1.

« The calculation scheme published in [Wibbeler et al., 2016] has been applied successfully to
a large number of data out of key comparisons or to similar, simulated data.

 The outcome of these calculations confirms that the “warning level” used in WGFF
for measurement results with 1 < En £ 1.2 is in line with Bayesian hypothesis testing
and is reasonable.

*) correct means here that the CMC-uncertainty covers sufficiently all potential effects, no overlooked effect exists

2025-06-27 16 CCM-WS-2025/11; WGFF usage of En-Values



Outlook

PIB

extending to curves: (data example out of [Li et al., 2023])
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* No fixed flow point for testing defined in advance (only ranges and rough number of points).
» Curve (function) is defined by means of GLSF as KCRV.

=> much higher complexity for the algorithm because the reference value
changes from scalar to vector (parameters of function)
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Outlook: investigating the usage of prior knowledge PTB

« extending to curves

* investigating the usage of prior knowledge (previous comparison results)

One good example will be the EURAMET-projects F 862/ F 1296/ F 1590 because comparison setting
was almost the same and also the group of participants did not change so much.

0154 Results of PTB = F 862 (2007)
o F 1296 (2015)
A F 1590 (225)
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aga | T
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-0,10

|

-0,15

T T T T T T T T T T T
0 200 400 600 800 1000

volume flow rate Q in m*h
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Outlook PTB

2025-06-27

extending to curves
investigating the usage of prior knowledge (previous comparison results)
establishing of clear rules for application

looking for simplified approximation(s) (making it easy for everyone)

Result of KC: calculation of individual
{Xir Ui} Ppost (HO,i |x, 7o, T)

calculation of WM = [i
using subset {x; u}g,

Pyost(Ho,i|%, 0, T ) consistent data
< threshold {le uj}RV

inconsistent data calculation of {d, u(d;)},,

Do Uidour using f and {x, u.},;
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