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Foreword

BS 2000 comprises a series of test methods for petroleum and its products that have been published previously by the
Institute of Petroleum (IP) and have been accorded the status of British Standards. Part O is a general introduction which
gives details of the BSI/IP agreement for publication of the series, lists more than 60 methods scheduled to be published in
this way in 1982, and provides general information on safety precautions, sampling and other matters.

Many of the methods make reference to appendix E of ‘IP Standards for petroleum and its products, Part 1 Methods for
analysis and testing’ which deals with the concept of precision and the usage of precision data in a variety of circumstances.
The purpose of this addendum is to give British Standard status to this material.

NOTE. The titles of the publications referred to in this Part of this British Standard are listed on the inside back cover.
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Addendum (identical with appendix E! of ‘IP Standards : Part 1°).

INTRODUCTION

1. This appendix discusses the concept of precision and the usage of precision
data in a variety of circumstances. Two or more determinations of the same
property by any given test method will not usually give precisely the same
answer. Sometimes a large part of the difference may be due to inadequacies in
the instructions of the test method, but even if this source of error can be
removed, it is still unlikely that the repeat results will be exactly the same. The
extent to which the two results differ — or, in other words, the degree of variability
— will, in general, depend on the conditions under which the test was repeated. A
measure of this variability ought to be obtained when every new test has been
standardized and introduced into routine operation, to find out what precision can
be expected of it in practice.

That some such measures of variability is important in practice can be judged
by considering the typical case of a sample being sent to another laboratory for
cross checking on Bromine Number (IP 129). In this case the laboratory NOTE to clause 1. BS 2000 : Part 129
supervisor would want to know, for example, whether his value of 62.6 is (formerly BS 4706) is identical with
confirmed by their value of 65.4. In the absence of any information on precision 1P 129.
he cannot come to a logical decision. If the precision of the method is known, the
procedure he should adopt in arriving at a decision is discussed below.

It is recommended that precision be measured under two specific sets of
conditions, one set giving the largest degree of variability, the other set giving the
smallest in almost all cases. The critical differences, that is to say the differences
which if'exceeded indicate disagreement of results, associated with these two sets
of conditions are called respectively reproducibility and repeatability. The
definitions of these terms are given below. A laboratory supervisor would use
reproducibility to check his result against a result from another laboratory. For
example, the reproducibility of Method IP 129 for a low boiling sample with
bromine number of 64.0 is 5.0, so that the two results 62.6 and 65.4, given in the
previous paragraph, would be considered to be in agreement. An operator would,
however, use repeatability to check whether a second result obtained a short while
after his first result on a given sample agreed or not. Since the repeatability of
IP 129 is 2.4 at the level in question, then two duplicate results, such as 62.6 and
65.4, would not check each other, but 63.1 and 64.9 would check.

For methods in which a result is derived from a number of different NOTE to clause 1. See note to clause 2(e).
determinations, it is recommended that a further measure of precision,
determinability, be used. (Corresponding definitions are given below.) An
operator would use determinability to ensure that a set of determinations agreed
sufficiently to yield a meaningful result. If two results so obtained were still suspect
according to the repeatability of the method. the operator would assign the cause of
this variation to sources other than the determinations themselves.

DEFINITIONS

2. (a) Determination — The process of carrying out the operations specified in
the test method whereby a single value is obtained. (It is assumed that
determinations are rounded no coarser than results.)

NOTE: This definition is consistent with the relevant paragraph on page xiii of the Foreword to this
volume of [P Standards. Also the series of operations which yield a determination are. in general. not
the complete set of instructions specified in the method. They usually exclude, for example. the
calibration of apparatus.

(h) Result — The final value obtained by following the complete set of NOTE to clause 2(b). Section 7 of the IP
instructions in the test method: it may be obtained from a single determination or  foreword is reproduced for information
from several determinations depending upon the instructions in the method. (It is  inappendix A to this Addendum.
assumed that all the results are rounded off according to the procedure
recommended in the Foreword to these Standards, Section 7 (page xiii).)

NOTE: This definition is consistent with the relevant paragraph on page xiii of the Foreword to
this work.

(c) Reproducibility — is a quantitative measure of the variability associated
with operators working in different laboratories, each obtaining single results on
identical test material. It is defined as that difference between two such single and
independent test results as would be exceeded in the long run in only one case in
twenty in the normal and correct operation of the test method.

NOTL: This definition implies that two resuits. obtained under reproducibility conditions. which
difTer by more than the reproducibility value should be considered as suspect.

' Revised 1980. Documents
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(d) Repeatability —- is a quantitative measure of the variability associated with
the same operator in a given laboratory obtaining successive repeat results on the
same apparatus. It is defined as that difference between two such single results as
would only be exceeded in the long run in one case in twenty in the normal and
correct operation of the test method.

NOTE: This definition implies that two results, obtained under repeatability conditions, which
differ by more than the repeatability value should be considered as suspect.

(¢) Determinability — is a quantitative measure of the variability associated NOTE to clause 2 (¢). The concept of
with the same operator in a given laboratory obtaining successive determinations  ‘determinability’ as defined here has
using the sume apparatus for a series of operations leading to a single result. It is ggzg ?ﬁ?}?i?ng%éggég rbfctcgzieﬁoﬁfet

N . , ey . . . 1
defined as that dnﬁerence_bclween two suct_l single dqlermmanons as would be G oo It is recommended,
exceeded in the long run in only one case in twenty in the normal and correct therefore, that the term should only be
operation of the test method. used within the limited context of

NOTE: This definition implies that two determinations, obtained under determinability conditions ~ Petroleum test methods.
which differ by more than the determinability value should be considered as suspect.

The idea of different sources of variation can be tabulated thus:

Source of variation

Method Apparatus Operator Laboratory Time

Reproducibility Complete Difterent Different Different Specified
(Result)

Repeatability Complete Same Same Same Almost same
(Result)

Determinability Incomplete Same Same Same Almost same

(Part result)

The reader should appreciate that reproducibility is much the more important
measure in practice.

It should be noted that precision values as defined above are intended to apply
to the normal routine operation of methods. Furthermore, they are tied to the
95% probability level (this is implied by the phrase ‘one case in twenty’). Not all
other standardization bodies define them in precisely the same terms, and
attention should always be paid to definitions before comparing precision values
quoted by different standardization bodies.

CORRECT USE OF PRECISION DATA
3. (a) This section considers the use of precision in more detail, and applies
particularly to those methods for which the precision figures have been obtained
by statistical assessment of the results of properly designed co-operative
programmes.! The following note appears after the precision clause of such NOTE to clause 3 (a). In addition to the
methods: ‘These precision values (as defined in Appendix E) have been obtained [P publication referred to in footnote 1,

L L . ) s reference may be made to BS 4306 and
by statistical exa’m'u)auon of m.ter laboratpry test results’. ‘ BS 5497 : Part 1. both of which are
(b) Reproducibility — Its primary use is to enable two laboratories to counter dual-numbered standards identical with

check their results, Thus, if two laboratories make single tests on identical International Standards.
materials, and the difference between results does not exceed the reproducibility

of the method, there is no reason for regarding either as suspect. If, on the other

hand, the difference exceeds the reproducibility the reason may be one of the

following:

(i) One of the laboratories is not carrying out the test procedure in a controlled
manner;

(i) one of the laboratories is obtaining results which though controlled are
systematically either all high or all low;

(ili) one of the samples is contaminated;

(iv) both tests are satisfactory, but the one chance in twenty has been
encountered (see definition of reproducibility).

If neither laboratory has cause to suspect its own result the test should be
repeated in both laboratories on a freshly drawn sample, which should be equally
divided between the laboratories in order to eliminate the possibility of gross
sampling error. Provided these new results agree within the limits of
reproducibility, their mean should be used in judging conformity with a limiting
specification value, and the first pair of results rejected. If they do not agree, then
evidently either (i) or (ii) applies, and appropriate action should be taken.

When the total number of results being compared exceeds 2 it is sufficient to
test the most discordant of them against the mean of the remainder, using the

' Appropriate procedures are contained in ‘Recommended practice for determining precision data DOCU mentS
for methods on petroleum products and lubricants,’ published by the Institute of Petroleum in 1968. .
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