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DERFINITIONS
ANID,
NOTATIONS




NECESSITY OF STRICT AND
OBJECTIVE DEFINITIONS
[lER GR MEasU-
areive tplelglipleel

Jrl, < Colijn (weiejriine)) &« i ls Liieifitl
FSEONMUCHNCORIUSIORFARENIISUSENG);
PIECISIONIIASACCUACY)FEXISISS>

andel mentions « tWo contradicton
definitions of the concept of accuracy » ...




MATERIAL BATCHES

L O : Batech of finite, well defined size.

VIATTERIAIES SN e Wil aiStinguisis:

B Compact matenalss ergr mineral e epesits;
SURJECTH Ol < GEBSIALISHIES > Al SCIEACE TOURE
ded by tne French Gerrges IViatieren:

a Particulate matenals : Vatter Is discrete
By ESSEnce, ItS elements can e molecules,
atoms, Ions, fragments.



Any LOT of particulate material can be re-
garded as a SET ofi UNITS. We will study ...

WO KINAS Gl SENS, namely. ...
B PORUIANGHNSIGITNONECKE ERECUNITS,
BN SERESIOIROEERECNINITSE

o Kinels of UNIFS ziggefelinie) 2is ialey
arermaderoii..:

m ASingle constituent (fragment, ete.),
B A group of adjoining constituents which
may be correlated with one another.
4




CONSTITUENTS OF ALOT OF
PARTICULATE MATERIAL
_ CONSTITMUENIIS (6 constitutve elements

STl ESTHRNYSIC el EMEN ST ticiVErASSUIME
10) frnclr) unzlkesireel eltifirie) erie seirn o lirle)

OPErAULNSIINOSEICONSUUERIS ane =

r

BRI CU I ALESS O110 SENTclG E RIS

BN UIESTanG@igaSES T IMBIECUIES

OMPE ’ 1en
are usually assayed




INCREMENT, SAMPLE, SPECIMEN

INCREMENT : Quantity: of matenal taken
N a single move of the sampling device : e.g.
2l SCOOP O al CUite ARTNCLEMENRTIS a group
O 20|eINING ConSHUERtS; aiSURESEL GIES

SANWVIRINESSASSAmRIENS USUAIINAGRIAIRECNY,
gatierngela CertalRrAUMBER G INCIEMENRLS:
WhHER Certaln Conditiens, that Will o SpecI-
fied, are fulilleditisTa « reliaple sample ».

SPECIMEN : A Specimen IS ebtained
when these conditions are not fulfilled.




SAMPLES are RELIABLE while...
SPECIMENS are UNRELIABLE .

SANVRILEINGHSTarmas s hed UCHoN WRICHNS
achieved by SEIFECITIONI e Several Cons-
HERISESAMPIINGRIGPERIS ARICRERRALIGHR
Ol SEGUERCE! Gl OPEALIGRAS that ale
SUPROSEM e provide areliablies SAVIPIEE.
ihe werd samplingIs;oiten misused for ...

SPECIMEN-TAKING IS an operation or
seguence of operations that provide an
unreliable SPECIMEN. 7




MAJOR QUALITY REQUIRED
OF ASELECTION

Selection must respect the compoesition of
the matenaliter e sampled (Prepetien o Va:
HOUSICOMPBRERLS) KEASTHESTIASIPOSSIPIEN .
Sampling emoersimust ke contrelied: ©hVieusly,

A THEORY OF SAMPLING

IS FIRST OF ALL A
THEORY OF THE SAMPLING ERRORS

Qualitative and Quantitative approaches.
8



DEFINITIONS and NOTATIONS

GRADE ayx ol ehject X : It IS defined as
the actual, always, unknewn, propertien: of
pPhY/SICall cCOMPERERIANR GR]ECTH XS SPECI:
HEC BYAtHE SUBSCHPEEIEN AGIRRAEENS
alaVSEERG IMENSICNIES ST UL

Mass of component A in object X

D O ————
Mass total of object X




LOT L : Object whose proportion ay. of
component A Is te be estimated. Grade
ap Isithe unknewn ef eur prekiem. IVIass
redUction GiRlEMUSTHE PregESSIVE:
VWersueeessIVEly ontalns ...

PRIMARYC SANIPLE S
ltiSracUAINURKRIGWRRG RGENSIAS]

SECONDARCSAVIPLE S, -
ltSractuall tRknewn graderis as;

RESULF ar efithe analysis of Sy
B ar = ESstimation of grade as;
B ar = Estimator of the unknown ag. 10



SPECIFICITIES OF PRIMARY
AND SECONDARY SAMPLING

PRIMARY: SAMPLING S/ pUIPGSE! IS 16
generaie «laborateny samples » small eneugh

[0 BEIFARSPeIEd e the

plaCENRI IS IREUSTAE

al, It use
allsureU

ISSPERGIMECNYAURGUA

all\AakeSs

gdiRgsranc

HECANPERSORNREI

SECONDARYSSANPISINGE IS RURGSENS
[0 generate one / several « assay poertions ».
Takes place in « clean » laboratory conditions
Not always performed by qualified per-
sonnel, due to a lack of education. 11



DEFINITION of ERRORS

All errors are relative (easier to compare)
ald EXpPressed as a proeportion of ai.

PRIVAREC SAVIPEING ERROR TS E
= etal ' Sampline Efer(Stage d)

SECONDARYE SANVIPLING ERROIR TS S,
= JetallSampling Emer (Stage 2)




TOTAL SAMPLING ERROR (stage i) ISE;
withi1=1,2, ... n (S,=Assay Portion)
NTOTAL ANALYHCAL ERRORITAE

asi = as(i-1) @R = @asn

TSE; = ==eemnacanaan- TAE = cccccsccanss
aL L

CLOSAL ESFIWVIANFICON ERXKOK CEE

ér = aL
GEE = =eeeeeeeeee = 3; TSE; + TAE

aL




ADDITIVITY OF ERRORS

Quality: controliis the sequence of three

GROUPRS of errer-generating eperatons.
he St twerake sukaiVIdEC INte SUR=StagES

PRIVIARYE SAVIPEING ERROKRS TSE,
SIECONDARYSANVIPLEING ERRORS TS E
TOITAL ANAEGRICAL ERROIR TAE
These errors are additive ...
GLOBAL ESTIMATION ERROR GEE.

GEE =TSE,; + TSE; + TAE 14




ADDININVITY OF ERROR'S

Usually : TSE; >> TSE; >> TAE

Gladesia oA E(ARAISIS)

TSEs .~/ ar
TSElaSJ_ \ \ ................ >

L S Sp R
EGIN 2RAMAIRAE 2SECOREN JAmalyiical
Sampiem s SampIENNRESHIINR

15



INDEPENDENCE IN
PROBABILITY

ISE7, ISE> and AE = randoem Vanaples

RandemivananleS call e ChalaCterzen
pyAtREIRd ISt UHTeRNaWAGERNeEmal)ene
HEIRMOMERLSEMEan VallaRCE IMEARESHU:

ISENISE 2R AESIN0ERPENGERTTHIN
prepapility:; Entalstthat thelr MEANSanad

VARIANCES are ADDITIVE .

16



GLOBAL ESTIMATION ERROR GEE

GEE = Z,; TSE; + TAE

GEE Is the sum ofi several random variables.
esevananlesrareindependentin
PLERERIIAVIHIHENGIGWINGF CORSEFUERCES:

Neleljeiviny of dlzises 1l () ciplel Valrlzinges oA ()
m(GEE) = Z; m(TSE;) + m(TAE)

o%(GEE) = 3; [63(TSE;)] + 6*(TAE)
USUALLY ...

m(TSE;) >> m(TSE2 ) >> m(TAE)

17




RECAPITULATION

ENrQrS, bIases, variances ofisampling anad
analysis; addtereone anether. Sampling
SheuldiRE treated Wit therSaime Considera:
lieRrasrapaly/SIsHln e eard2000N ST o

N TREORY OF SAVIPLING POES EXIS T
N ESTNEVEIRLEEHNCONIESTEC ENINSISIPIY,
Ignereadiny these Wwhoershould knew it. Sheuld
PE taught terand Understeed By eVER/GNE;
especially University: Professors, Analysts

and Technicians in charge of Quality Control
18




FOR THE SAKE OF EFEICIENCY, analysts
should be in charge of QUALITY CONTROL
and mere speciically o SAMPLING.

PIEC SIION WIAKERS INIRESEARC 5| AN D
INDUSHTIRYASheuIc URcerstane that Suii=
CIENNRVESHMERISISHOUICNIE At UM e
SaAMPIRG:
=, RO (LYY7) © < Apelhysies spotle
EUSETOrgIVENESUIISAWHERNHEYFae N ot
satistiedrofifithe RERRESENIATININNYGT
samples » (scientific definition given below)
19




HOMOGENEITY AND
HETEROGENEINY
OF ASET OF UNITS

20



A SET of UNITS Is said to be :

HOMOGENEOUS : when It IS made of
STRICTLEYA IDENTHEAL URIts .

HENERO@GENEOUSEAWAERIURITS ane
NOIF STTRICTLY IDENIFIC AL

FHOMBEEREINACARNMIEGE ERNECNUICAN
NEVERPE BGRSENVEM. EXample ol pure Wa-
ter made of H>,0 moelecules, H*, OH", O*
lons and all Isetopic combinations ofi H & O.

To say nothing of alilen components. 21



By definition of homogenelity, the sampling
offa HOMOGENEQOUS set by SELECTION
OF WHOLLE UNITIS weuld be ar STRICTILY
EXACITT ORPERATHONATHEREFORE *=

HETEROGENEITY

IS THE SOLE AND UNIQUE
SAMPLING ERROR GENERATOR

THEREFOREa'sampling theGR/AIS
naturally derved from a gualitative and

guantitative theory of heterogeneity.
22




THE TWO MAIN FORMS
OF HETEROGENEITY

IVIatter; any: matter; 1St heteregENEGUS.

IWermalRNeHNS GIFEIEIeEEREIN MUSHE
distinguished ancidefined ...

CONSTIIRUTRIONAL gl S ERO)IE =N = R
e UNBINSTassinglercenstititive elemenis

DISHIRIBUNIONAITH ENEROGENEINNY
e UNINNSa grouproifad|eming elements

These definitions will be useful In our
guantitative approach. 23



HOW te gualii tne

CONDITIONS

Jg

24



CONDITIONS and RESULTS
of a SELECTION

Cl AJJ/ €. thE con Cepr:) Of
‘ fojeltie]o)]ffnV/ =iplel e
lile elgilnlitepseiinls
E JJJJJFJ NeFIN EEnCH):

URderned By numereus
[In (Welghing) ol

Mandel (analysis of experimental data) ...




PROBABILIST / NON-PROBABILIST

Sample / specimen S IS a sub-set of set L
WRICHI T IS meant te represent. Sis; the result
eff a selection:. s selection Isisaid e ber ...

NONRPROBABIINSIF{IC) S WhHERrarCEeraln
RAUMPER G CORSHIERNISI G thHErSERITaVE a
ZETOIPLERANIINACIEING SEIECIER!

PROBABILEISIFIC) - When allf Constittents
eff the'Set L Rave a nen-zerne prepanility of
being selected. A probabilist selection can
be correct or incorrect ... 26




CORRECT / INCORRECT

CORRECT : when simultaneously. :

B Allfconstituents have an eqgual
PrERERIIN G BEING SEIECIEE.:

B eNntegRyAeincrementsiana
SAM Pl ENSEUIESPECIER:

INCORRECIF S WHER GRE G tHESE
CONAIIGNRS; at least; IS net respected.

According te theoretical results; a
CORRECT selection ALONE provides

reliable « SAMPLES ». 27



HOW TO ACHIEVE A
« CORRECT » SELECTION
Correctne

gIVESallfCONn:
pr\u UJJJF/ o)f

e IS UTLECSAT)
R,-\NDJM] treugheUr therdemalRrOIIowLE:

D , J - {
| alié ¢ OUTEA A

RANDOM threughout the demain ofi lot L.
28




CONSTITUENTS DISTRIBUTED AT
RANDOM THROUGHOUT LOT L

Definition of distrbutional hemegeneity. :
IN THIS CASE ANY FRACTION OF LOT L

mag
tion

IS A CORRECT SAMPLE OF L
PUEUE e graVity SEFIEgalion; EleCifeStallc,

NEelic eRCeS, O thelike; stchra distru-

JEVEREXISIS Spentanecusiy: Itweuld

e reached threugh a perfect hnemoegenizing
Py mMiXing. The hypPoethEeSIS off spontane-

OusS

heomogeneity Is unrealistic. 29




INCREMENTS DISTRIBUTED AT
RANDOM THROUGHOUT LOT L

IN THIS CASE, THE SELECTION IS

CORRECT WHATEVER THE CONSTITUENT
DISTRIBUTION THROUGHOUT LOT L

FREGUENIFMISITAKES e CRERIO)
Implicitly/assumes a randenm distrpution and

(akes Inerements filem: the most accessible
fraction of the lot, which amounts te selving
the problem by choesing to ignore Its

existence. 30




CORRECTNESS IN PRACTICE

may. be the consequence. ...

B EtNEr GiiIgNOranNCe Gl the RErSERREINR
change eirsamplingranc guality cConiel;

B0 EIFAWKIWANGRNESS Bifthie Sampling
ORErRALOL, paltly dueters eWRNgReARCE

Horoeiradeliveratewilitoiasithe sample.
Sampling, weak point of the estimation
chain, plays the role of « scapegoat ».

31



NANAGEAE OIS (light eneugn te: ve
plelpleliSelipl ezl 6YA); The correct solution
CONSISISHAMMGMBYERIZING BY MIXINCGAVAERF

EVERPOSSIBIENAS alifau el prECAUUGN;
MCHEMERLST M WE TAKERF N E O

EINON-MANAGEABITENTONIS S EXCEPT Wit
one-dimensional flowing lots, there Is no
correct solution.

32



HOW 1O FJJrlJ VAtRe




STRUCTURAL AND
CIRCUMSTANTIAL PROPERTIES

A PIGRENLY O]

S STIRUCTURAISAVIHER

EPHEPERIES GIFtIS seJe

U CIRCUMSTANTHALE S WhRER; I adeitien te
NOSE; ITA0ES GEepEena o ext er JE.J Ciicumstan-

Ces and especially on the §10]10)S 'CC'
material being sampled.

34




A selection can be qualified in terms of
Properties of the total sampling errorn ISE

At any;sampling;stage the efoenr ISE IS

ds = aL

TSE = ===eeenae-
aL

[ISE IS a randem vananle charactenzed
PV IS distrpution law: and ItS MomeERts :

Distribution :a; > 10:° : nermal law
a. < 10° : log-normal law

35




COMPONENTS OF THE ERROR TSE

ISE Is the sum of TWO major components

TSE = CSE + ISE

CORRECT SAVIPEING ERROR CSE
ORSERNECWHER RIERARINLY RIS
CSE = Rcompressipiermnmum eiriSE:

INCOIRRECTT SAVIPLING EXROX IS E
Additienal error ehserved When the selec-
tion prekability: P is NOI-unirerm.

CSE and ISE = X2 of several components.
36



The components CSE and ISE of TSE are
Independent in probability. This entails that
thelr means and varnances ane additive.

m(TSE) = m(CSE) + m(ISE)
6*(TSE) = 6*(CSE) + ¢*(ISE)

Unlike Varnances, BIASseES (o NeL decrease
When the numbver ol data IRCHEeases.

IR CREMOMELNICS), for INStance, PIASES are
a major nuisance ! They must be eliminatead
Whenever pessible.

37



HOW TO MINIMIZE THE BIAS m(TSE)

mM(TSE) = m(CSE) + m(ISE)

M(CSE)Is structural. ItIS net caused by,
EUIF AWKWAKGRESS, We can neitner auiliny
REFrEdUcEN (SEe guaniiiativerappLeach):

MUISE)FURIkeIm(CSE) NS con|inctural:
Itcan Bernuilifiied WHER M E'SEIECHORNS
COMECT, WAICH We KReW: AW, 1o aChIeVve.

The only way te minimize m(TSE) Is to
carry out a CORRECT selection / sampling.
38



PROPERTIES OF m(CSE)

TTheonry shews that the mean m(CSE) IS
never zere. Wercallli < st ctural kras: »
iIStUSUall AR EGIGIRI EN(EXCERPIWITHNIFACES);

heeR/ eExXpresses M(CSE) IRErS eithe
compoesitien eifthe el Uselessiexceptiin
EXPERMERtaAINVGEK.

IR Practice WerREVEr i/ 16 compute
M(CSE) . we JUSt rememBber that 1t IS not
ZEro and that we can do' nething abeut It.

39



CONCEPT OF EXACTNESS

EXactness IS a property of the error 1SE
itselffthat can be defined but that IS Rever
ERSER/EM. A'selectionWwoeuldine sald te ke

EXACIFE IS EWEre stitcturally Zenes I.€;

TSE =0 whatever the circumstances

Never ehsernved T IISE can never be Zero.

TThe words « exact » and « EXactness »
do not beleng te the sampling vecabulary.

40



CONCEPT OF ACCURACY

TThe degree ofi accuracy of a selection Is
a prepenty: of the means m(ISE) and m(ISE).
~aselection S said teree

ACCURATIEWRERSSTIUCTUAUINA
m(ISE)=0 = m(TSE)=m(CSE)
BIASERDWRERMISE)= 0

m(ISE) = SAMPLING BIAS

A selection Is accurate WHEN CORREECI;

and ONLY THEN. About ACCURACY ...
41




Kaye, lllinois Inst. of Technology (1967)

« The accuracy of many analytical
iesults has tee often been neglected with
gisastreus financial consSeqUENCES ». ...

«ieracelracy eimany analyiicalicata
[EPOISIS a mirage vecalse Ummiting
REQlIgERCE an@iialSe ceSt CONSCIBUSNESS
Rave ensured that a sample off pewaer
taken with' cUrsery Swifthess has heen

examined with costly precision ».
42



CONCEPT OF REPRODUCIBILITY

TThe degree of reproducibility of a selec-
1IoN IS a property: of the variance o2(ISE).

A'selection, a Sampling e the resuling
SamplelS sald ierees:

REPRODUEIBICE (G SURiicIeEntiy rep:) WiHER
c*(TSE) <c,2 where ...

G2 = maximurm variance acceptable
NON-REPRODUCIBILE (@ IASUlficiently

reproducible) when : c*(TSE) > o2

43




CONCEPT OF REPRESENTATIVITY

TThe degree of representativity. of a selec-
tion Is a property: of the MEAN-SOUARE
F(ISE). Alsampling IS said te ve::

RERPRESENTATINVE(GFSUiliciEnty,
[EpPresentative) Whaen :

r’(TSE) <r,* where

r,2 = maximum mean-square acceptable
NON-REPRESENTATIVE (or Iasulficiently

representative) when : r(TSE) > r,2

44




ACHIEVEMENT OF
REPRESENTATIVITY

Statistical definition off a mean-sguare

r’(TSE) = m*(TSE) + o*(TSE)
JealNRteRtS aREPURESES; 2l SAMPIENS
REPRESENTAVINEWAERNINSHGIT:.

ACCURATIE: m(ISE) =0 2nd .
REPRODUCIBLLE : 62(TSE) < 6,2

SOLE SCIENTIFIC DEFINITION OF

A REPRESENTATIVE SAMPLE

45



NOTION OF PRECISION

The French / English werds « precision »
alnd <« PrECISIEN > are used in beth languages
With a vague, ambiguoeus, AGN-SCIentific
GIEEBANNAGOODIMEARING S 2 IO PERY,
O tHEIMEAN B GRE B the mean-sguare: ?
Authers disagree:!

[FOr thIS reasen, We' o net recommend theln
Use In a scientific context. \We will' restrict  tals
LISE 10 EXPrEeSSIoNS SUCh as « pPrecision

InStrument, precision scales » or the like.
46




QUALITIES OF A SELECTION

¢ GRAPHICAL ILLUSTRATION ¢

NEVER REPRESENTATIVE
OBSERVED SAMPLING

)
o o

—

HYpPoehecally: ACCURATE ana
EXACTSELECTION REPRODUCIBLE




QUALITIES OF A SELECTION
¢ GRAPHICAL ILLUSTRATION ¢

REPRODUCIBLE REPRODUCIBLE
48




Relationships between

CONDITIONS AND
RESULTS

eff a Selection or a Sampling

49



THE UTILIZER'S
STANDPOINT

e utihizer should ke nterested akoeyve all
Py the resultsiite. By minimizing the sampling
EITierS, IHIS GR|ECHVE; NISTIRIEESLS, ale of;
[AER SHEUIGNIE; Terehialn::

REPRESENTATIVE SAMPLES

thatis; samples that are; at the same time:. ..

ACCURATE and REPRODUCIBLE

But he IS seldom able to express It.

50



THE MANUFACTURER'S

STANDPOINT

The sampling equipment manufacturer has
e dIGECT mMeans of contrelling the
sampling ERRORS he enly thingrhe can
gerStiercontelitnersamping CONBHIONS:
IHENCAESIGNS GIRMaRURCIUIES 2N EEVICE NAIIS

PROBABILIST or not, CORRECT or not

aind that respects, oK net, the CondItions
Specified 1A the guantitative appreaches to

be presented shortly ...
51



THE THEORETICIAN'S ROLE

Theory has built up a bridge between
SElecting conditions and sampling results

it tellsither ttilizerWhat e can EXPECt anad
Wihatshemust demanediemraimantidcturer
1@ ehlaIn FEplESEntatVerSampIES,

It tells the manuiacCturerwhat ne should or
shoeuld net de te achieve this purpoeseE,

Theoreticians should be asked to advise
Standardization In scientific matters.

52



THE ACHIEVEMENT OF ACCURACY
AS A CONSEQUENCE OF CORRECTNESS

IS dealt withiIn the

QUALITATIVE APPROACH

THEACHIEVVEMENIFORF RERRO@DBDUEIBILEINFY
IS dealtwithirthe

QUANTITATIVE APPROACH 53




RECAPITULATION

Ihe achievement of a PROBABILIST
and CORRECT selection IS the enly way. te
ebtain ACCURAVE thereiore RELIABILE
SAVIPEES

NON=PROBASILISTT of PRO)EAS|L ST
BUERINCORRECIFSEIECHGRRIOVICGES REIIIRG
o)t BIASI=E D) UNREEIASESSRPEE|YISNS o)y
the basis of WRICh ne safe decision, ESPe-
clally:withrvital er financial CONSEqUENCES
should be made.

o4
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