
eft Designation:E1914-07 

_'IIJ~ 
INnIfH~rlOIlU 

Standard Practice for 
Use of Terms Relating to the Development and Evaluation 
of Methods for Chemical Analysis' 

ThIS slandard IS ISsued under the fixed deSlgnauon E 1914 1he numbor ""medIately following. lroc dcslgnallon ,nd,cates 1hoc ycar of r ~ 
orIgInal adopuon or In the case of reVISIon. 1he ycar of tas! reVISIon A numhcr In parcn!"""". ,miles!es 1he ycar of las, rcapprov"," ,"'" 
SUperscrlpl eps,10n (~ ) Ind.cates an oollonal change SInce 1he las! rev,.,on or ",approval fItrrrrrr.. ~. 

INTRODUCTION ",l"fJI 
ASTM methods for dClcnnining the chemical composition of materials usually are jeV~d in 

four stages: (I) experimental development of procedures and techn iques, (2) trans,alii~researCh 
into text suitable for analysts (in ASTM format), (3) demonstration of perforl}8.n In n interlabo­
ratory study (ILS). and (4) acceptance as a method published for use in labora1a ·c. tails of thc 
development processes may be complex. but the common concepts and ter~ t i:l.iscuss them 
are relatively simple. The concepts must be carefully defined and terms e ed to represent them 
unambiguously in the intended contexts. 

A list of tenns and defin itions docs not guarantee clear communic C ~any terms have d ifferent 
common and technical meanings while representing different cone S" hen used in various contexts. 
The use of important tenns and concepts in the context of met f chemical analysis is illustrated 
by descriptions and by examples to help task group and s~mi tee members communicate clearly. 

I. scope @:, nalytieal scienceand Analytieal Methods 

1.1 This document covers terms and concepts used in \1"4 I Analytical science deals with the development and use 
dmlopl"g a"d ",1,,,I,,g th, "",fonnan" of m"~:!$;. methods foe d""ml"lng ,h,mical ,ompositlo" of materials. 
determining chemical composition. Although useful w· man Chemical analysis is the application of written analytical 
types of methods. they are dealt with in this doc~nt 'l9'e methods. 
context of chemical analysis of metals and relat l:he ·ill"s. 4.2 Analytical method development consists of selecting 

~ 
chemical and physical systems that respond to a specific 

2. Referenced Documents analyte in a defined suite of material types. The pUl"JXIsc is to 
2.1 ASTM Standards: 2 ,/' >- define a process that produces a physical change proportional 
E 135 Temlinology Relating to An~~a) hemistry for to analyte content unaffected by other sample comlxments. The 

Metals. Orcs, and Related Mat~als - ...." measurement system (instrument) yields a numerical resu lt that 
E 1601 Practice for Conductin Interlaboratory Study to represents the quantity of analyte. A good analytical method 

Evaluate the perfonna~an alytical Method has the following desirable properties: 
E 1763 Guide for Inte L and Use of Results from 4.2. 1 Accuracy-When a method is applied to materials 

Interlaboratory TiS;'ng of mical Analysis Methods containing various quantities of analyte. it has the property of 
accuracy if results equal the numerical values of the analyte 

3, TerminOI~ contents. This property relates solely to a method's average 
3.1 Dejillili. efi nitions of terms used in this Prac- response at each analyte level , ignoring random statistical 

lice. refer t ermL logy E 135. fluctuations of individual resu lts. Actual methods are never 

s under the jurisdiction of ASTM Commincc EOI on Analy1ical 

~
:st r; ttals. Ores and RciaLcd MaLcrial s and is Lhe dirrct re.'lponsibility of 

Ii e EOl.22 on LaboraIory Qualily. 
'!!'!9lt edilion appro~cd June I. 2007. Published June 2007. Originally 

appffi"Cd in 1997. LaSt p"'"ious edition approved in 1998 as E 1914 - 98 (201)3). 
For rdcR:oced ASTM ~Landanl_ •. ,·isit Lhe ASTM WCbS;LC. www.asun.org. or 

conl...,l ASTM Cuslomer Service 8L ",rvi«@aslm.org. 1""01" Annual Boo~ or ASTM 
Slandanls volume info""al;On. refer to Lhe Sl.ndan!". Document Summary page on 
\he ASTM websile. 

known to be perfectly accurate and this term is usually used in 
a relati ve sense to compare different methods or the behavior of 
a single method under different conditions. 

4.2.2 Precisioll - When a method is applied a number of 
times 10 a homogeneous sample, it has the property of 
precision if the result is always the same. This property relates 
solely to time-related variations in the response of a method 
and ignores systematic (averaged) differences between results 
and analyte content that may occur at various analyte levels. 
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Actual methods arc never perfectly precise and this term is value it is intended to estimate. This term requires no qualify-
usually used in a relative sense to compare different methods or ing adjective. Lack ing additional data, the magnitudes of its 
the behavior of a single method under different conditions. component errors are unknown. B-value is the difference 

4.3 Written metJlods must satisfy two criteria: (I) litey shall between the mean of a SCI of results for a given material and the 
have the form and editorial style speci fied in the latest edition material's accepted value. It estimates ani y the systematic error 
of Form and Style for ASTM Standards, and (2) the technical component in the variability of the resul ts in the data set. 
contcnt shall be stated in tenns that convey precise meanings 10 5.2.4 A detection limit is an instrumental figure of merit 
laboratory personnel using the method. The language used in used 10 compare low-level sensitivities of analytical~,"S~-
the method must di rect users (who may not have the same ments, A number of versions of deteclion limit 'l8"e:J>een 
technical knowledge or experience as the developer) to repellt proposed. all based upon the stllndard deviatio SOL> 'OjjIset of 
the procedural steps in the manner that produced satisfactory sequential readings on a test material contaim little or no 
results in the development laboratory. Unless the method analyte. The various detection limits differ ~ flly in their 
conveys this information, users will not achieve the potential associated probabilities as defined by a s&r.tfij multiplier for 
accuracy and precision of the method. SDL' It is apparent that SOL' a Sho~~statistiC, cannot 

4.4 The ILS demonstrates the performance of the method in include variabil ity caused by cali b~~~perations or by the 
a group of laborntories typical of those expected to use the effects of long-tenn environment ~ges in analytical meth-
method; whereas the accuracy and preciSion of the analytical ods. Thus a detection lim i ing only for the instrument 
techniques and procedures employed are defined by the statis- on which it was determine t define the performance 
tics obtained in the development laboratory, ILS statistics are of methods US10g the ~~ ause it IS on ly one of many 
innuenced by three additional factors: (I) the success of the factors IOnuenclOg v'a~n in a method's performance 10 
translation of the research findi ngs into the method tested in the dIfferent laboraton~ • 
ILS. (2) the care with which the ILS experimental design was 5,2,5 An /I'J!JP.,~r(/fOry sflldy (ILS) IS a statIstIcally de-
followed, and (3) the quality of the test materials employed SIgned demo~ati'on of the actual perfonnance of an analytl-
during the ILS. clil meth ctlce E 1601 descnbes the ILS lind provtdes 

4.5 The publ ished method contains a summary of the ILS detaile s ctions concerning planning and executing the 
statistics that a user may interpret, based upon the user's own stud [ptl J/wly.~is o[variall(;e (ANOYA) statistical procedure 
experience. A task group observing a relationship between the ~n ICS provides estimates of: 
method's precision and analyte content as described in Gu ide ,2,5, I B-value- If a cenified value for the mean content, 
E 1763, may choose to provide more detai led description} of ,f the analyte in a test material is known, the calculated 
the method's ):X!rformance, for example, an equation oria Ie value, 8Ao estimates the true difference between the mean and 
predicting approx imate standard deviations at variou~l~ the accepted value at the observed analyte content, X , found 
levels, ~ ~ in the ILS: 

5. Stat istics and Statistical Methods ~~v 8~ = i - A (t) 

5, I Statistics deals with the collection, a sis interpreta· Non; I- How well BA estima1es 1he 1heore1ically correct irmccumcy of 
tion, and presentation of numerical data ts Th athematical a method is a function of variability in both Y and A. An ILS on high 
procedures employed in these processes a t stical methods. quality reference mal.erials usually justifies usc of a simplifying assurnp-
Statistic is a generic term for th1'ariabl represented by a tion that the variahility in A is small enoogh to be neglected. The 
statistical procedure, but it al s to the numerical value variability in j is normally so large that it yields an illustrative Jatherthan 
obtained when a statistical~dur s applied to a data set. definitive estimate of the true difference. 
For example. mean is a sta IS t the value 6 is the mean of 5,2,5,2 Minimum Sta1/dard Deviation-For methods involv-

that calculates to an R'i"c i ~ value for a suitable data set. solution), minimum variability conditions arc defined as repli-
{3,5, lOJ.AstatistiC~' . finab . yamathematical expression ing a completely homogeneous sample (such liS a sample 

5,2 Stmistics).'tr IS {fer to common statistics by their cate results on a sample portion. Under these conditions, the 
common descript:v n·ames. minimum stllndard deviation, SM' estimates only instrument 

5.2.1 Ad'f:C ,mg' ",d ""an "" 'yao"y"". "",fo,maa",. Fo' all oth" methods, m'a'mom " , 'ability 
5.2.2~tal1 :r1eviariol/ and precision arc sometimes used conditions are defined as resu lts taken on replicate sample 
ind~' fnl}nate 1/, Confusion is avoided if the statistic is always portions. Under these conditions, SM includes variability caused 
refi ~~ "the standard deviation." The term "precision" by material inhomogeneity and short-term method variability. 
~~~ fved for non-statistical discussions of methods and In any case, the val ue of SM for materials of very low analyte 
pr~s. Use of "precision" when "standard deviation" is content is an estimate of a pooled SOL of the instruments used 
meant is 10 be avoided because these terms have exactly in the ILS. 
opposi te connotations. 

5.2.3 B-va/lle and error lire not synonyms. Tow/ error, 
according to common usage, is the net effect of all sources of 
error. Because error sources must be either "mndom" or 
"systematic," total error is the statistical sum of random error 
and systematic error. For a si ngle result, the error is the 
difference between the observed value and the accepted (true) 

2 

5.2.5.3 Witllil/-Iaboratory Standard Deviation and Repeat­
ability Index- If !..he task group chooses the ILS design 
requiring each laboratory to obtain data sets on each of several 
days, the study produces the within-laboratory stand1rd devia­
tion. s", an estimate of the variability from all sources that may 
opemte within a laboratory from day to day. To meet these 
conditions, the lLS protocol shall ensure that participating 
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laboratories perform every aspect of the method. such as 
standardizalion, each day even though they may be required in 
practice less often. These statistics estimate the variability to be 
expected in results obtained weeks or months apart. The 
repeatability index, r, is an estimate, at the 95 % probability 
level, of the maximum difference forcompuring one result with 
a subsequent resu lt on the same material in the same labora-
tory. 

5.2.5.4 Between-laboratory Standard Devialiol! and Repro­
dUCibility Index- The between-laboratory standard deviation. 
SR' esti males the variabili ty among detenni nations made on the 
s..1me test material in different laboratories. The reproducibility 
index, R, is an estimate. at the 95 % probability level, of the 
maximum difference between a result on a material obtained in 
each of two laboratories. 

6. Interpreta tion of Statistics 

that connection, an investigator attempts to identify the sources 
of variation in the data and, if possible, to separale the effects 
that originate in that method from those that do not. A 
knowledge of statistical principles is helpful in this kind of 
interpretation, but the task also requires the investigator to be 
intimately acquainted with analytical science. Nonnal opera­
tions in analytical laboratories, the usual tmini ng and c~ri~ 
coce expected for laboratory personnel , the fundamc !J!!.~ 
analytical chemistry, and the details of the analYliCC Oct 
under investigation must all be taken into aCc;@'unl. 

6.4 The ANOYA model for precision in an~~l>melhods 
is based upon random variability at three lev~~he lowest 
level encompasses short-term factors cr dng when the 
method is applied to one sample (a tl sc of minutes for 
most methods). A typical example' riability of sequen-
tially repeated instnllnent readi he same material. (2) 

6, I It is beyond the scope of this practice to discuss in dctai l operating within a laborato , 'nclude low level variabil-
The intermediate level~' lu s sources of variability 

the subject of development of analytical methods. Statistical ity fac tors plus long- - Cl t at operate from one day 10 
methods play key roles in the step-wise processes that culmi- another in one laoor o§)'. This level includes additional 
nate in the research version of a method. In the development variability from ~atst'Calibration or standardization wi thin 
laboratory, a ski lled investigator is able to identify which a laboratory (a l~cale of days, months, or years). (3) The 
envi ronmental and method variables need to be contro lled and highest level ~e model includes all variability that may 
to speci fy their proper levels to achieve an accurate method. At occur bet aboratories. This level intri nsically is unrelated 
no other time is a method used under such carefully controlled u 'ncludes, in addition to factors that arc time-
condit ions as during final testing in the development l:lbora- dom fac tors contributing to the observable random 
tory. The statistics for those results arc usually the best basis for ~rage ifferences among laboratories. Practice E [601 pro-
evaluating a method's intrinsic accuracy and precision because j one test design to estimate statistics representative of the 
t he.in:~stigatOr takes pains to minimize avoidable sources of sl and highest leve[s (Test Plan A) and another providing 
vanablhly. ~ stimates at all three levels (Test Plan B). If the ILS test 

6.2 The published version o f a method is producedJ protOCOl adopted by the task group meets the requirements of 
researc h version in accordance with 4.3-4.5 . ~~ I is Practice E 1601 and all participating laboratories follow both 
conducted on the publishable method, complete ex the the method and the test protocol, the statistics have the 
ILS statistics. meanings and properties described in 5.2.5. 

6.3 Statistics are propeflies of the data t m hieh they 
are derived. A set of resul ts reflects t r s of all the 7. Keywords 

systems and processes that operated to ~e It $tattSllCS 7 [ perfonnance of analytIcal methods, statistics til cheml-
summanze a set of results but.l~.not du"Cctly descnbe the cal analYSIS, tcnns til analy\lcal methods, usage of analytIcal 
behaVIor of the analyucal meth,~~rodueed them To make tenns 
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