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The issue: an absolute priority for 

public health

→→ Our customers (i.e., doctors Our customers (i.e., doctors 

and patients) expect and patients) expect 

laboratory results to be laboratory results to be 

accurate and comparableaccurate and comparable and and 

interpreted in a reliable and interpreted in a reliable and 

consistent manner: so we consistent manner: so we 

urgently need to make them urgently need to make them 

the samethe same



Potential impacts of the issue

• CLINICAL

• ECONOMICAL

• ETHICAL



Standardization: clinical impact 

Interchangeability of results over time and space 

would significantly contribute to 

improvements in healthcare by allowing results 

of clinical studies undertaken in different 

locations or times to be universally applied

Standardize clinical decision limits Standardize clinical decision limits 

(i.e., (i.e., cutpointscutpoints for intervention)for intervention)

EffectiveEffective applicationapplication of of 

evidenceevidence--basedbased medicinemedicine





Growth Hormone in clinical guidelinesGrowth Hormone in clinical guidelines

Port Stevens consensusPort Stevens consensus

(adult GHD, JCE&M 1998)(adult GHD, JCE&M 1998)

EilatEilat consensusconsensus

(childhood GHD, JCE&M 2000)(childhood GHD, JCE&M 2000)





•• GH assays have been inaccurate in the pastGH assays have been inaccurate in the past

•• GH assays are inaccurate todayGH assays are inaccurate today

•• ““EstimatesEstimates”” of circulating GH concentrations vary by of circulating GH concentrations vary by 

more than 300%more than 300%

•• Presence or absence of a disease mainly depends on Presence or absence of a disease mainly depends on 

which assay is (by chance?) chosen by the labwhich assay is (by chance?) chosen by the lab

•• There was no significant improvement over the last 20 There was no significant improvement over the last 20 

yearsyears

•• It is waste of time to discuss about cutIt is waste of time to discuss about cut--off levels for off levels for 

clinical guidelinesclinical guidelines

M.M. Bidlingmaier, Endocrine Bidlingmaier, Endocrine ResearchResearch LaboratoriesLaboratories, , 

LudwigLudwig--MaximiliansMaximilians University, University, MunichMunich, GE:, GE:

Conclusions @ Conclusions @ EuromedlabEuromedlab Innsbruck 2009Innsbruck 2009



1949 23.7%

1969 18.5%

1980 11.1%

1986 6.4%

1990 -1994 5.5 - 7.2%

Unnecessary
Treatments

Untreated
Disease

Correct Value

False
Positives

False
Negatives

Wasted $$$Wasted $$$DeathDeath

2000 3%

Improvement in accuracy of Improvement in accuracy of 

cholesterol measurements cholesterol measurements 

since 1968 has been since 1968 has been 

estimated to save $100M/yr estimated to save $100M/yr 

in treatment costsin treatment costs

Standardization: economic impact 

Data from U.S. Government Accounting OfficeData from U.S. Government Accounting Office

and College of American Pathologistsand College of American Pathologists



Source: NIST Planning Report 04Source: NIST Planning Report 04--1, 20041, 2004

Standardization: economic impact 

$60M/yr wasted$60M/yr wasted $199M/yr wasted$199M/yr wasted



Effect of analytic inaccuracy in creatinine on the 

distribution of estimated GFR values

KleeKlee GG et al., GG et al., ClinClin ChemChem Lab Med 2007;45:737Lab Med 2007;45:737

18.5%

54%



The impact of the different The impact of the different HbAHbA 1c 1c assays on position relative to other UK paediatric diabetes centassays on position relative to other UK paediatric diabetes centres. res. 
The mean HbAThe mean HbA1c1c of patients within a diabetes clinic or GP practice is being utof patients within a diabetes clinic or GP practice is being utilized by commissionersilized by commissioners

as a metric by which to assess the quality of diabetes care provas a metric by which to assess the quality of diabetes care provided, which are likely to reach the public ided, which are likely to reach the public 
domain and used to determine remuneration.domain and used to determine remuneration.

Elder C et al. J Clin Pathol 2010;63:660Elder C et al. J Clin Pathol 2010;63:660

©2010 by BMJ Publishing Group Ltd and Association of Clinical Pathologists

AllAll systemssystems declareddeclared toto bebe ‘‘DCCTDCCT--alignedaligned’’!!



“Standardization of laboratory tests has an

ethical dimension as it aims to affect the 

way diagnostic tests are used in order to

guarantee optimal care for patients in a 

global world.”

Bossuyt X et al., Ann Rheum Dis 2008;67:1061

In short: the lack of standardization 

may become an ethical issue



Ethical lag occurs when the speed of 

technological change (innovation) exceeds that

of ethical development (standardization)

HernandezHernandez JS X JS X etet al., al., AmAm J J ClinClin PatholPathol 2010;133:82010;133:8



SolutionSolution

→→ To be accurate and comparable, To be accurate and comparable, 

results must be traceable: only results must be traceable: only 

traceability to hightraceability to high--order references order references 

can manage the issue and support can manage the issue and support 

evidenceevidence--based medicine in a global based medicine in a global 

worldworld



ObjectiveObjective of of traceabilitytraceability

implementationimplementation

ToTo enableenable the the resultsresults obtainedobtained byby the the calibratedcalibrated

routine procedure routine procedure toto bebe expressedexpressed in in termsterms of the of the 

valuesvalues obtainedobtained at the at the highesthighest availableavailable levellevel of of 

the the calibrationcalibration hierarchyhierarchy

Advantages:

• All routine methods will be standardized to the same 

reference with no additional effort by laboratories

• The process can be sustained over time by the IVD 

manufacturers

Advantages:Advantages:

•• All routine methods will be standardized to the same All routine methods will be standardized to the same 

reference with no additional effort by laboratoriesreference with no additional effort by laboratories

•• The process can be sustained over time by the IVD The process can be sustained over time by the IVD 

manufacturersmanufacturers



Reference Measurement SystemReference Measurement System

Primary Ref. ProcedurePrimary Ref. Procedure

Secondary Ref. Secondary Ref. 

ProcedureProcedure

ManufacturerManufacturer’’ss

Internal ProcedureInternal Procedure

EndEnd--useruser’’s Routines Routine

ProcedureProcedure

Primary Reference MaterialPrimary Reference Material

(e.g. pure (e.g. pure analyteanalyte))

Secondary Ref. MaterialSecondary Ref. Material

(matrix(matrix--based)based)

ManufacturerManufacturer’’s Calibrators Calibrator

Routine SampleRoutine Sample

Test ResultTest Result

SI UnitsSI Units

T
ra

ce
a

b
ility

T
ra

ce
a

b
ility

Panteghini M, Panteghini M, ClinClin BiochemBiochem 2009;42:2362009;42:236



Reference System for CreatinineReference System for Reference System for CreatinineCreatinine

Panteghini M Panteghini M etet al., al., ClinClin ChemChem Lab Med 2006;44:1187Lab Med 2006;44:1187



Delanghe JR Delanghe JR etet al., al., ClinClin ChemChem Lab Med 2008;46:1319Lab Med 2008;46:1319

The line The line 

representsrepresents the the 

limitlimit of of systematicsystematic

biasbias and and 

imprecisionimprecision thatthat

produce a relative produce a relative 

increaseincrease of <10% of <10% 

in the in the meanmean error error 

whenwhen estimatingestimating

GFR GFR usingusing the the 

MDRD MDRD StudyStudy

equationequation

2005 accuracy verification study of creatinine measurements in 12005 accuracy verification study of creatinine measurements in 189 European labs89 European labs



Creatinine Accuracy Calibration Creatinine Accuracy Calibration 

Verification/Linearity Survey LN24Verification/Linearity Survey LN24--BB
Results from 2009 mailingResults from 2009 mailing

♣♣♣♣♣♣♣♣ AbbottAbbott SystemsSystems

♦♦♦♦♦♦♦♦ BeckmanBeckman InstrumentsInstruments

♥♥♥♥♥♥♥♥ OlympusOlympus AUAU

♠♠♠♠♠♠♠♠ Roche Roche InstrumentsInstruments

•••••••• OCDOCD

⊗⊗⊗⊗⊗⊗⊗⊗ SiemensSiemens AdviaAdvia

∇∇∇∇∇∇∇∇ SiemensSiemens DimensionDimension

LevelLevel 11 LevelLevel 22

LevelLevel 3                              3                              
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reference measurement procreference measurement procedure (IFCC)edure (IFCC)

primary reference materialprimary reference material
IRMM ERMIRMM ERM--AD452 (IFCC)AD452 (IFCC) secondary (secondary (““matrixmatrix””) reference) reference

material material e.g. JC ERM 406e.g. JC ERM 406

manufacturermanufacturer’’s standings standing
measurement proceduremeasurement procedure

manufacturermanufacturer’’s product s product 
calibratorcalibrator

end userend user’’s routine s routine 
measurement proceduremeasurement procedure

routine sampleroutine sample

enzyme result enzyme result 

calibratecalibrate

certifycertify

verifyverify certifycertify

tra
ce
a
b
ility

tra
ce
a
b
ility

Reference System for γγγγ-GlutamyltransferaseReference System for Reference System for γγγγγγγγ--GlutamyltransferaseGlutamyltransferase

Adapted from Infusino I et al., Adapted from Infusino I et al., ClinClin ChemChem Lab Med 2010;48:301Lab Med 2010;48:301



XiaXia C et al., Ann C et al., Ann ClinClin BiochemBiochem 2010;47:1892010;47:189

TraceabilityTraceability investigationinvestigation of of γγγγγγγγ --glutamyltransferaseglutamyltransferase measurementsmeasurements in China in China 



Common reference intervals as fourth pillar 

of the reference measurement system

Until today

Method-dependent 

results

Method-dependent 

reference intervals

From today

Standardized methods that 
provide traceable results

Common reference 
intervals  (at least within 

homogeneous ethnic 
groups)

Infusino I et al., Infusino I et al., ClinClin ChemChem Lab Med 2010;48:301Lab Med 2010;48:301



ClinClin ChemChem 2008;54:5592008;54:559--6666



Common reference intervals for Common reference intervals for γγγγγγγγ--GTGT in adultsin adults

Ceriotti F et al., Ceriotti F et al., ClinClin ChemChem Lab Med 2010;48:1593Lab Med 2010;48:1593

1212--68 U/L for males68 U/L for males

66--40 U/L for females40 U/L for females
γγγγγγγγGTGT



ProfessionProfession (e.g., IFCC, JCTLM):(e.g., IFCC, JCTLM): DefineDefine analyticalanalytical objectivesobjectives: : referencereference

measurementmeasurement systemssystems ((traceabilitytraceability chainchain) ) 

and and associatedassociated clinicallyclinically acceptableacceptable

uncertaintyuncertainty (fitness for (fitness for purposepurpose))

DiagnosticDiagnostic manufacturersmanufacturers:: ImplementImplement suitablesuitable analyticalanalytical systemssystems

((platformplatform, , reagentsreagents, , calibratorscalibrators, , controlscontrols) ) 

fulfillingfulfilling the the aboveabove establishedestablished goalsgoals

End End usersusers (clinical (clinical laboratorieslaboratories):): SurveySurvey assayassay and and laboratorylaboratory performance performance 

throughthrough

-- IQC: IQC: testingtesting system system controlscontrols toto confirmconfirm

and and verifyverify manufacturermanufacturer’’s s declareddeclared

performance (CE performance (CE markedmarked –– virtuallyvirtually

unbiasedunbiased))

-- EQA (EQA (truetrue valuevalue in in commutablecommutable

materialsmaterials): ): definingdefining uncertaintyuncertainty of of 

laboratorylaboratory measurementsmeasurements

Panteghini M, Panteghini M, ClinClin ChemChem Lab Med 2010;48:7Lab Med 2010;48:7



NeedNeed toto definedefine the the clinically acceptable clinically acceptable 

limits for validation of limits for validation of metrologicallymetrologically

traceable calibration traceable calibration 

The absence of clearly defined tolerable The absence of clearly defined tolerable 

deviations derived from clinical needs deviations derived from clinical needs 

““might results in a large grey zone with might results in a large grey zone with 

respect to the extent of traceability respect to the extent of traceability 

expected from IVD manufacturers, partially expected from IVD manufacturers, partially 

or totally invalidating its theoretical or totally invalidating its theoretical 

advantages, i.e. the concept of common advantages, i.e. the concept of common 

decisiondecision--making criteria.making criteria.””

L Thienpont et al., L Thienpont et al., ClinClin ChemChem Lab Med 2004;42:842Lab Med 2004;42:842



uuCC >2.5%>2.5%

ERMERM--DA470DA470

U.S. National Reference U.S. National Reference 

Preparation no. 12Preparation no. 12--0575C0575C

ERMERM--DA470k/IFCCDA470k/IFCC

ManufacturerManufacturer’’s working calibrators working calibrator

(master lot)(master lot)

ManufacturerManufacturer’’s product calibrators product calibrator

Routine sample resultRoutine sample result

valuevalue transfer transfer protocolprotocol

ManufacturerManufacturer’’s standing s standing 

immunoassayimmunoassay

Commercial immunoassayCommercial immunoassay

valuevalue transfer transfer 

protocolprotocol

valuevalue transfer transfer protocolprotocol

uuCC 1.01%1.01%

uuCC 1.61%1.61%

uuCC 1.74%1.74%

Note: Minimum Note: Minimum imprecisionimprecision goalgoal ≤≤≤≤≤≤≤≤2.33%2.33%

Serum albumin: Metrological traceability chainSerum albumin: Metrological traceability chain

CombinedCombined StandardStandard

UncertaintyUncertainty ((uuCC))

UncertaintyUncertainty of of measurement that fits for measurement that fits for 

purposepurpose mustmust be definedbe defined acrossacross the the 

entireentire traceabilitytraceability chainchain, , startingstarting withwith the the 

providerprovider ofof RMsRMs, , extendingextending through the through the 

IVD IVD manufacturers andmanufacturers and theirtheir processesprocesses

for for assignmentassignment of of calibratorcalibrator valuesvalues, and , and 

ultimatelyultimately toto the the finalfinal resultresult reportedreported

toto cliniciansclinicians byby end end usersusers..



ProfessionProfession (e.g., IFCC, JCTLM):(e.g., IFCC, JCTLM): DefineDefine analyticalanalytical objectivesobjectives: : referencereference

measurementmeasurement systemssystems ((traceabilitytraceability chainchain) ) 

and and associatedassociated clinicallyclinically acceptableacceptable

uncertaintyuncertainty (fitness for (fitness for purposepurpose))

DiagnosticDiagnostic manufacturersmanufacturers:: ImplementImplement suitablesuitable analyticalanalytical systemssystems

((platformplatform, , reagentsreagents, , calibratorscalibrators, , controlscontrols) ) 

fulfillingfulfilling the the aboveabove establishedestablished goalsgoals

End End usersusers (clinical (clinical laboratorieslaboratories):): SurveySurvey assayassay and and laboratorylaboratory performance performance 

throughthrough

-- IQC: IQC: testingtesting system system controlscontrols toto confirmconfirm

and and verifyverify manufacturermanufacturer’’s s declareddeclared

performance (CE performance (CE markedmarked –– virtuallyvirtually

unbiasedunbiased))

-- EQA (EQA (truetrue valuevalue in in commutablecommutable

materialsmaterials): ): definingdefining uncertaintyuncertainty of of 

laboratorylaboratory measurementsmeasurements

Panteghini M, Panteghini M, ClinClin ChemChem Lab Med 2010;48:7Lab Med 2010;48:7



FulfillmentFulfillment of of thethe RequirementsRequirements

of of thethe EU IVD EU IVD DirectiveDirective byby ManufacturersManufacturers

�� PreparationPreparation of of thethe necessarynecessary technicaltechnical

documentationdocumentation

�� All All datadata that that characterizecharacterize thethe productproduct

�� TestingTesting protocolsprotocols

�� Labels and Labels and instructioninstruction for for useuse

�� AssignedAssigned valuesvalues and and metrologicalmetrological traceabilitytraceability

�� TraceabilityTraceability chainchain and and calibrationcalibration hierarchyhierarchy

�� Transfer Transfer protocolsprotocols

�� CommutabilityCommutability testingtesting

�� Determination of Determination of uncertaintyuncertainty ((fitnessfitness for for purposepurpose))

�� StabilityStability testingtesting



PlatformPlatform

CalibratorsCalibratorsReagentsReagents

Thus, the laboratory needs to rely on the manufacturers Thus, the laboratory needs to rely on the manufacturers 

who must ensure traceability of their analytical system to who must ensure traceability of their analytical system to 

the highest available level the highest available level 

Control material(s)Control material(s)

concentration

coverage interval

B

best 

estimate

uncertainty

bias="error"

CRM 

assigned

CRM 

measured

A

uncertaintyuncertainty



IQC Material Roche IQC Material Roche PrecipathPrecipath PUCPUC--lot 15352600 for Trueness Verification  lot 15352600 for Trueness Verification  

Roche Roche CobasCobas c501 platformc501 platform
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In turn, clinical laboratories must verify the consistency of deIn turn, clinical laboratories must verify the consistency of declared performance during clared performance during 

routine operations performed in accordance with the manufacturerroutine operations performed in accordance with the manufacturer’’s instructions, by s instructions, by 

analyzing the system control materials and confirming that curreanalyzing the system control materials and confirming that current measurements are in nt measurements are in 

control, with no clinically significant changes in the assumed ucontrol, with no clinically significant changes in the assumed unbiased results.nbiased results.



ProfessionProfession (e.g., IFCC, JCTLM):(e.g., IFCC, JCTLM): DefineDefine analyticalanalytical objectivesobjectives: : referencereference

measurementmeasurement systemssystems ((traceabilitytraceability chainchain) ) 

and and associatedassociated clinicallyclinically acceptableacceptable

uncertaintyuncertainty (fitness for (fitness for purposepurpose))

DiagnosticDiagnostic manufacturersmanufacturers:: ImplementImplement suitablesuitable analyticalanalytical systemssystems

((platformplatform, , reagentsreagents, , calibratorscalibrators, , controlscontrols) ) 

fulfillingfulfilling the the aboveabove establishedestablished goalsgoals

End End usersusers (clinical (clinical laboratorieslaboratories):): SurveySurvey assayassay and and laboratorylaboratory performance performance 

throughthrough

-- IQC: IQC: testingtesting system system controlscontrols toto confirmconfirm

and and verifyverify manufacturermanufacturer’’s s declareddeclared

performance (CE performance (CE markedmarked –– virtuallyvirtually

unbiasedunbiased))

-- EQA (EQA (truetrue valuevalue in in commutablecommutable

materialsmaterials): ): definingdefining uncertaintyuncertainty of of 

laboratorylaboratory measurementsmeasurements

Panteghini M, Panteghini M, ClinClin ChemChem Lab Med 2010;48:7Lab Med 2010;48:7



Measurement 

uncertainty

Check trueness Imprecision
qualify

[Analytical quality of measurement]

[Reliability of the analytical system]

Panteghini M, Panteghini M, ClinClin ChemChem Lab Med 2010;48:7Lab Med 2010;48:7

AnalyticalAnalytical QualityQuality Control in the Control in the TraceabilityTraceability EraEra
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ProfessionProfession (e.g., IFCC, JCTLM):(e.g., IFCC, JCTLM): DefineDefine analyticalanalytical objectivesobjectives: : referencereference

measurementmeasurement systemssystems ((traceabilitytraceability chainchain) ) 

and and associatedassociated clinicallyclinically acceptableacceptable

uncertaintyuncertainty (fitness for (fitness for purposepurpose))

DiagnosticDiagnostic manufacturersmanufacturers:: ImplementImplement suitablesuitable analyticalanalytical systemssystems

((platformplatform, , reagentsreagents, , calibratorscalibrators, , controlscontrols) ) 

fulfillingfulfilling the the aboveabove establishedestablished goalsgoals

End End usersusers (clinical (clinical laboratorieslaboratories):): SurveySurvey assayassay and and laboratorylaboratory performance performance 

throughthrough

-- IQC: IQC: testingtesting system system controlscontrols toto confirmconfirm

and and verifyverify manufacturermanufacturer’’s s declareddeclared

performance (CE performance (CE markedmarked –– virtuallyvirtually

unbiasedunbiased))

-- EQA (EQA (truetrue valuevalue in in commutablecommutable

materialsmaterials): ): definingdefining uncertaintyuncertainty of of 

laboratorylaboratory measurementsmeasurements



RequirementsRequirements for the applicability of EQA results to for the applicability of EQA results to 

evaluation of the performance of individual laboratoriesevaluation of the performance of individual laboratories

ToTo verifyverify the the suitabilitysuitability of of 

laboratorylaboratory measurementsmeasurements in in 

clinical clinical settingsetting

Definition of the clinically Definition of the clinically 

allowable uncertainty of allowable uncertainty of 

measurementsmeasurements

ToTo allowallow transferabilitytransferability of of 

participatingparticipating laboratorylaboratory

performance performance toto patientpatient samplessamples

ProvedProved commutabilitycommutability of EQA of EQA 

material(s)material(s)

ToTo checkcheck the the measurementmeasurement

uncertaintyuncertainty of of participatingparticipating

laboratorieslaboratories againstagainst the the 

referencereference systemssystems

EQA material EQA material valuesvalues assignedassigned

withwith referencereference proceduresprocedures byby anan

accreditedaccredited referencereference laboratorylaboratory

AimAimFeatureFeature

Panteghini M, Panteghini M, ClinClin ChemChem Lab Med 2010;48:7Lab Med 2010;48:7



ImportantImportant issueissue toto bebe consideredconsidered

•• To ensure reliability in the estimate of end user To ensure reliability in the estimate of end user 
uncertainty alone, the uncertainty of the values uncertainty alone, the uncertainty of the values 
assigned by the reference laboratory to EQAS assigned by the reference laboratory to EQAS 
materials should be maintained at a minimum. materials should be maintained at a minimum. 

•• To achieve this, StTo achieve this, Stööckl and ckl and ReinauerReinauer [Scan J [Scan J ClinClin
Lab Invest 1993;53(suppl 212):16] have Lab Invest 1993;53(suppl 212):16] have 
proposed that the uncertainty of the target proposed that the uncertainty of the target 
should be <0.2 times the EQAS maximal should be <0.2 times the EQAS maximal 
tolerated limit, i.e. the clinically allowable tolerated limit, i.e. the clinically allowable 
uncertainty of measurements. uncertainty of measurements. 



39

http://www.bipm.org/en/committees/jc/jctlm/http://http://www.bipm.org/en/committees/jc/jctlmwww.bipm.org/en/committees/jc/jctlm//







EQAS for quantities where no high-

order reference is available

System-dependent target values should be used to 
evaluate the performance (uncertainty) of 

participating laboratories 

HOWEVER 

in this case the values assigned to the EQAS 
materials should be determined by reference 

institutions (possibly including the manufacturer 
releasing that specific analytical system), working 

under strictly controlled conditions in order to 
maintain measurement uncertainty as low as 

possible, and not as group mean.

Panteghini M, Panteghini M, ClinClin ChemChem Lab Med 2010;48:7Lab Med 2010;48:7



Commutable
EQAS material



Accuracy verification in EQAS: Accuracy verification in EQAS: 

time to care about the quality of time to care about the quality of 

the samples!the samples!

LM Thienpont et al, Scand J Clin Lab Invest 2003;63:195LM Thienpont et al, Scand J Clin Lab Invest 2003;63:195



IFCCIFCC--IUPAC Stockholm Conference 1999IUPAC Stockholm Conference 1999

11 Evaluation of the effect of analytical performance on clinical Evaluation of the effect of analytical performance on clinical 
outcomes in specific clinical settings (e.g. misclassification ioutcomes in specific clinical settings (e.g. misclassification in n 
diagnosis)diagnosis)

22 Evaluation of the effect of analytical performance on clinical Evaluation of the effect of analytical performance on clinical 
decisions in generaldecisions in general

aa Data based on components of biological variationData based on components of biological variation

bb Data based on analysis of clinicians opinionsData based on analysis of clinicians opinions

33 Published professional recommendations fPublished professional recommendations fromrom national and national and 
international expert bodiesinternational expert bodies

44 Performance goals set by Performance goals set by 
aa Regulatory bodiesRegulatory bodies

bb EQAS organizers EQAS organizers 

55 Goals based on the current state of the art (e.g. aGoals based on the current state of the art (e.g. as s 
demonstrated by data from EQAS)demonstrated by data from EQAS)

Allowable LimitsAllowable Limits

ScanScan J J ClinClin Lab Lab InvestInvest 1999;49:4751999;49:475--585585



Is available information on biological variability Is available information on biological variability 

reliable?reliable?

Braga F Braga F etet al, al, ChimChim ClinClin Acta 2010;411:1606Acta 2010;411:1606



TraceabilityTraceability asas CopernicanCopernican Revolution Revolution 

in in LaboratoryLaboratory MedicineMedicine

(and in (and in AnalyticalAnalytical QualityQuality Control)Control)

Nothing changes as a result of this Nothing changes as a result of this 

revolution, and yet everything revolution, and yet everything 

changes.changes.

In the Quality Control setting, the In the Quality Control setting, the 

objective laboratory world producing objective laboratory world producing 

experimental data does not change, but experimental data does not change, but 

our our ‘‘a prioria priori’’ concept of it is turned concept of it is turned 

inside out.inside out.



What COPERNICUS did was take the existing What COPERNICUS did was take the existing ‘‘a prioria priori’’ concept of concept of 

the world and pose an alternative the world and pose an alternative ‘‘a prioria priori’’ conceptconcept

What TRACEABILITY does is take the existing What TRACEABILITY does is take the existing ‘‘a prioria priori’’ concept of the concept of the 

QC and pose an alternative QC and pose an alternative ‘‘a prioria priori’’ conceptconcept

The earth is flat and fixed in spaceThe earth is flat and fixed in space The earth is spherical and moves around the sunThe earth is spherical and moves around the sun

EquivalencyEquivalency--based gradingbased grading AccuracyAccuracy--based gradingbased grading



The The effecteffect waswas overwhelmingoverwhelming

““It was the acceptance of the It was the acceptance of the 

Copernican revolution that Copernican revolution that 

distinguishes modern man from his distinguishes modern man from his 

medieval predecessors.medieval predecessors.””

Robert M Pirsig – “Zen and the art of motorcycle maintenance”, 1974


