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Teaching MU with a minimum
of mathematical content
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Target audience for NSAI MU Training Course and
common reasons for attending

Evolution of the course content
Some learnings from our experience

Noteworthy features of the current offering
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Challenges and future developments
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Technical/Quality Managers Quality Control

of calibration laboratories Personnel

Others

Technical staff of
of testing laboratories

Technical staff of
of calibration laboratories
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@ NSAI The most common reasons for rm
s s attending NSAI MU Training Course /Z<yamnd

J Addressing a non-conformance identified during a
a technical assessment (ISO17025, 1ISO16859, 1SO9001, FDA......)

. Setting up a new calibration/testing service
J Taking on a management role in a calibration/testing laboratory

J Managing a calibration inventory (understanding contents of
calibration certificates)

Jd Company policy of staff development

J  “My manager told me to come”
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@Nsm Evolution of the course content R—ol,u
Training
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GUM as a new

concept
The procedural

approach to GUM

3 XS
\0@0
The foundations

of GUM A simplified
approach to GUM
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Some Learnings from our experience Training

National Metrology Laboratory

L Formulation stage is the most important

[ Difficult to teach the formulation stage due to diversity of measured quantities
and measurement techniques

J Resistance to writing down a measurement equation (practical aspects
are preferred to abstract representations)

[ It’s OK to mention the word “true value” and “error” (at our level)
U Fear of statistics and statistical methods must be overcome

1 “Demand” for a template needs to be addressed

O THE GUM approach does not fit well to analytical measurements

O Follow-up access is vital
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Introduce a “hands-on” element to
illustrate the formulation stage
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@NSAI Use live “visual” demonstrations [ —!
sl meroogy Lavtoy - £ jntroduce statistical ideas \T’a'"'"g

D@
stop
Rate
#-0.1
Histogram (Histogram)
X1+X2
0.705
E Histogram 3 (Histogram)
X1 El SO0
0.322 < -
4000~
3500-
) 1 I 1

-0.5 0 0.5 1 15 -y 3000~

=
£ 2500~

E
Histogram 2 (Histogram) < 2000~
5000- 1500-
4500- 1000~

4000-
X2 3500- II II
5 1 1.5 2 2.5

LT = o
0.383 3% %5 0 o
= 2500-
E
< 2000-
1500~
1000~
SDD_
L =i 1 2k

0+
S



~RhAl

¢ Provide a fully worked example of MU evaluation for a
simple calibration, including an annotated uncertainty
budget in spreadsheet form

(course participants ALWAYS ask for a copy of this)

Module 4. - Balance calibration - Uncertainty Budget

= X . _E_ 5 Dncertainty taken from the calibraton certificate for
8 - mS CAL D_R_I_FT the standard weight.

Thiz uncertainty i an expanded uncertainty with
k=2 Thiziz atupe B evaluation

Input quantity -

limits of Probability Standard Sensitivity
Input Quantity variability stribution Divisor Uncertainty Coefficient

(9) ()

0.0020 norm 0.0010

;0050 uniform 0.0029

ili 0.0059 'norm 0.0059
Thiz 12 the uncertainty
azzociated with the
correction for drift in the
value of the standard

weight, The correction is Thiz is the standard z
taken to be zero with lirmits deviation associated with Standard Uncertalnty
of one half of the the mearn of 10 readings of
rmanufacturer's tolerance the balance. The datais
for the wieght (M1 class shown in worksheet 3
tolerance i= 0.010 g, A DATA. This is atype A Expanded uncertainty
uriform [rectuangular) evaluation.
pdf iz aszurmed. Thisis a
type B evaluation.

In the measurernent model
there iz a one-to-one
relationship between the
input guantities and the
measurement result so all
the sensitivity coefficients
are equal to

ncertainty
ontribution

(9)

0.0010

-0.0029
-0.0059

Thiz iz the BMS sum of the
urcertainty contributions

0.0066"

+=— | The expanded uncertainty i= the standard
0_ 0'] 33 uncertainty multiplied by a coverage
factor, chosen to produce a confidence
level of 9522, [N this case, the coverage
factor is k=2,

)]

!
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Participants perform a straightforward measurement task in the
laboratory and are asked to generate an uncertainty budget
(A model solution is provided)

For the on-line version of the course a video is used

Thermometer Calibration Results @ NSAI
National Metrology Laboratory
Reference uut Error Of Certificate of Calibration
Temperature Indication Indication
G SE G ]

29.96 30.1 0.14
29.95 30.2 0.25
29.97 30.1 0.13
29.97 30.2 0.23
29.97 30.2 0.23
29.97 30.2 0.23
29.97 30.2 0.23
29.98 30.2 0.22
29.97 30.2 0.23
29.98 30.2 0.22

Mean Error 0.21

B  —— Standard
P Pl ) 105743 Deviation 0.041
3 pecifications and Envirc
Conditions

Axial and Radial Homogeneity
31 Spemﬁcauons

sistance Rangs 0010 500kt

d Non-repeatability

J Calibration of Reference

J Drift of reference

J Temperature gradient effect

|

| Thermometer under
test

Ref, Thermometer |
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National Metrology Laboratory

Common problems and misunderstandings

(J Dealing with uncertainties arising from measuring
instruments (calibration, drift, interpreting accuracy
specifications.....)

(J Dealing with non-repeatability or limited resolution of
the meter calibrated (e.g. using pooled standard
deviation)

J Understanding the concept of sensitivity coefficients

(J Dealing with a dominant component of uncertainty

J Addressing bias in uncertainty evaluation
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Awkward Questions — An Example
&3 NsAl Q p HY=0—H
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1.S. EN ISO 8655-6:2002
EUROPEAN STANDARD EN ISO 86556
NORME EUROPEENNE
EUROPAISCHE NORM September 2002
ICS 17.060
English version
Piston-operated volumetric apparatus - Part 6: Gravimetric
methods for the determination of measurement error (ISO 8655-
6:2002)

Under the above-mentioned conditions, the following simplified equation can be used, e.g. for piston pipettes, to
assess the uncertainty u of the delivered volume at the 95 % confidence level:

u = |eg| + 2s, (8.1)
\ \ Repeatability Standard

Deviation

The measured indication 477 The coverage interval for the measured error
error of the pipette of indication will ALWAYS include zero

Measurement Uncertainty Training Workshop 17-18 May 2022
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1ISO 21748:2017 “_Evaluation of measurement

uncertainties using data from studies

conducted in accordance
with ISO 5725-2"

Guidance for the use of repeatability,
reproducibility and trueness estimates
in measurement uncertainty evaluation

TECHNICAL ISO/TS
SPECIFICATION 20914

First edition
2019-07

“Medical laboratory measurement procedures
are well-suited to utilizing internal quality
control (IQC) and other available data to

estimate MU without the need for

Medical laboratories — Practical

i s i e 8 measurement models and complex statistics”
measurement uncertainty
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Conclusion

National Metrology Laboratory

d

J

After many years of trial and error we have a training
course that is suitable for our typical audience

Practical, “hands-on” training elements are very
important

Follow-up contact needs to be encouraged

There is a need for a more basic course that omits
the “mechanics” of the MU evaluation

On-line resources and modern teaching techniques
will have an increasing impact on the training

-

MU
Traininh'



