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This standard is issued under the fixed designation D 1749; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilonef indicates an editorial change since the last revision or reapproval.

1. Scope 2. Referenced Documents

1.1 The purpose of an interlaboratory study is to determine 2.1 ASTM Standards:
the variability in results caused by differences among labora- D 685 Practice for Conditioning Paper and Paper Products
tories following a prescribed test method, the consistency from  for Testing
material to material of this variability, and the type of addi- E 177 Practice for Use of the Terms Precision and Bias in
tional standardization needed, if any. The study may be made ASTM Test Method3
to obtain information for improving the test method or to arrive  E 178 Practice for Dealing With Outlying Observatiéns
at an estimate of the precision of an existing method for E 456 Terminology Relating to Quality and Statistics
publication. It may also include a comparison of alternative test E 691 Practice for Conducting an Interlaboratory Study to
methods. Determine the Precision of a Test Metfod

1.2 To achieve the objectives in 1.1 satisfactorily, it is 2.2 TAPPI Standards:
essential that a sound statistical design be employed in the T 402 Standard conditioning and testing atmospheres for
planning of an interlaboratory study. This practice gives the  paper, board, pulp handsheets, and related protiucts
basic principles involved in the planning in order to make the T 1200 Interlaboratory evaluation of test methods to
data amenable to statistical analysis and interpretation. determine TAPPI repeatability and reproducibftity

1.3 This practice has been written for the task group T 1205 Dealing with outlying test resutts
chairman responsible for the preparation or the revision of a
standard test method. It tells him what information he needs in ~ OUTLINE OF RECOMMENDED PROCEDURE
order to properly plan an interlaboratory study (Sections 1—10)3. Formulating the Problem

it outlines the procedure for conducting the study (Section 11), L
and it gives him background information for understanding the 3-1 If the objective of the task group was not clearly spelled

analysis (Section 12) and interpretation (Sections 13-15) of th@ut when the task group was established, determine this by task

results. group dlscuss_lon, and obtain approval from the chairman of the
1.4 While the services of a statistician are not absolutelyP&rent committee (Annex A1.1). ,

necessary for the design, analysis, and interpretation of inter- 3-2 Refer to Terminology E 456 for terminology.

laboratory studies, questions often arise that could be readily Preliminary Study Within One Laboratory

answered by a statistician familiar with the analysis used 41 . h | variabl fih hod. both
herein. Hence, the task group chairman should arrange when-+-1 Investigate the several variables of the test method, bot

ever possible to consult with a statistician both during theSxPerimentally and theoretically, including the following (see

lanning and during the analysis and interpretation. also A1.2.1-A1.2.3 )'. : .
P 15 Tghis practicegis similaryto TAPPI Tlgoo which details 4-1-1 Survey the literature and other sources of information
the lanalysis using a set of typical data. ' for possible sources of variability in the application of the test

1.6 This standard does not purport to address all of themitqog'D ine h h It of is aff q
safety concerns, if any, associated with its use. It is theb e .etermlneh ow_t.elreds_uto _measu]{gment Is affecte
responsibility of the user of this standard to establish appro-2Y_Varnations in the critical dimensions of instruments or

riate safety and health practices and determine the a Iica-Critical steps in 'the procedure. . .
Eility of regl)J/Iatory Iimitati%ns prior to use PP 4.1.3 Determine how the result is affected by known varia-

tions in atmospheric conditions, unknown differences between
operators, and by other variables.

1 This practice is under the jurisdiction of ASTM Committee D-6 on Paper and——————————————
Paper Products and is the direct responsibility of Subcommittee D06.92 on Test 2 Annual Book of ASTM Standardgol 15.09.

Methods. 3 Annual Book of ASTM Standardéol 14.02.
Current edition accepted Sept. 15, 1993. Published November 1993. Originally “ Available from the Technical Association of the Pulp and Paper Industry, P.O.
published as D 1749 — 60T. Last previous edition D 1749 — 68 (¥388) Box 105113, Atlanta, GA 30348.
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b D 1749

4.2 Select what appears to be the optimum procedure. #e data if the interlaboratory study is designed in accordance
choice between two procedures may be made using theith Section 11 and complies with Section 1010 to the greatest
“sensitivity criterion” (Annex A2). extent practicable.

4.3 Using papers with a wide range of values of the property o o
under test (and possibly also with wide ranges in othe®. Decision on Standardization
properties), make a comparative study with other methods for 9.1 This will be based on the results of the main interlabo-
measuring the property (see also Al1.2.4 and A2.1). Evaluatetory study (as discussed in Section 14). The decision could be
the results using the sensitivity criterion, when applicable, of1) abandon the test metho@) use the test method as it i) (
an absolute standard. rewrite the procedure to eliminate some of the variability, or

4.4 Draft instructions for the test method. Then observe(4) provide one or two standards for “calibration” of the test
without comment, a laboratory technician performing a tesimethod.
according to this draft. Where he has difficulty, revise the draft. 9.2 It should be realized that if, as a result of the study, any
It is extremely important that the directions for performing thestep in the procedure is changed significantly, the degree of
test be clear, unambiguous, and sufficiently comprehensive. concordance of previously obtained data becomes question-

able, possibly to a degree that a further study will be required.
5. Study by Task Group

5.1 Prepare a definitive statement of the type of information INTERLABORATORY STUDIES (1,2) ®
the task group expects to obtain from the interlaboratory stud .
(see 1.1 and Section 14). ¥L0. Independent Variables

5.2 Based on the Study within one |aborat0ry, prepare a 10.1 The selection of the various levels at which each
master plan for the interlaboratory study (see 11.2). Circulatéhdependent variable is taken shall, whenever possible, be
the proposed plan to all members of the task group and othd¥ased on preliminary work or previous experience. The main
competent authorities (including the manufacturers of thdndependent variables to be considered in an interlaboratory
instruments involved) for comment and criticism. Discuss thestudy include the following:
p|an in an open committee meeting_ 10.1.1 Laboratories—The participating laboratories shall

5.3 Select the materials to be used in the interlaboratorjiave skilled personnel and adequate equipment for carrying out
studies that cover the range of the property to be measured affee tests. If necessary, skill in the particular methods involved
that represent all classes of material to which the method willn the interlaboratory study shall be acquired by preliminary

be applied (see 10.2). experimentation (Section 7). Obtain assurance from each
. participating laboratory that it is properly equipped to follow
6. Pilot Study all the details of the procedure and is willing to assign the work

6.1 If the method to be evaluated is new or represents af skilled personnel.
extensive modification of an existing method, a pilot study 10.1.2 Number of Participants-Use as many laboratories
involving two or three materials and four or five laboratoriesas practicable, preferably 20 to 30, subject to the amount of
should expose any ambiguities or misleading directions in thavork involved in preparing samples for distribution to the

procedure. participating laboratories, and the increase in sampling vari-
) ability due to the larger amount of material required. If fewer
7. First Interlaboratory Study than ten laboratories are prepared to use the test method,

7.1 For the first interlaboratory study use a minimuminclude all the laboratories that will do so. In the latter case, in
number of materials (six) to cover the range. Include all of theorder to increase the number of participants, it may be
laboratories that will participate in the main interlaboratorydesirable to have two operators in each laboratory. It should be
study (see 10.1). This study is to train the participants in thenoted, however, that the “operator effect” (that is, difference
test method, to clarify the procedure, to eliminate laboratorie®etween operators in the same laboratory) can vary sharply
that cannot comply with the procedure because of nonstandaftom laboratory to laboratory, depending on the degree of
conditions or equipment (as determined by means of a quesupervision and control maintained within a laboratory, and is
tionnaire), and, together with the main study, to give antherefore usually not a suitable variable for investigation in an
indication of any change in laboratory performance with time.interlaboratory study to evaluate a test method.

8. Main Interlaboratory Study Note 1—The data required from each laboratory are held to a mini-

' o . mum in this practice. This should stimulate the participation of an

8.1 For the main interlaboratory study follow Section 7, adequate number of laboratories to provide valid measures of precision. In
only use a maximum number of materials. Include only thoseiew of the referee nature of TAPPI and ASTM methods, the importance
laboratories that participated in the first interlaboratory studypf assessing their reproducibility between laboratories cannot be overem-
and that can meet the standard requirements. Base any staBasized. This assessment requires the participation of as many laborato-
ments of the precision of the test method on this main study, a&&S s possible. .

lvzed and interoreted in accordance with the “linear model” Note 2_—If it is necessary to have two operators in each_of one or more

analy p_ laboratories, the two operators must evaluate the method independently in
(see 12.3 and Section 14).

8.2 Sometimes, because of factors beyond the control of the
_taSk grun! it will not b? pOSS|bI_e torun the_ full StUdY_deSC”bed 5 The boldface numbers in parentheses refer to a list of references at the end of
in Section 10. Useful information may still be obtained from this practice. Documents
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the fullest sense of the word, interpreted as using different samplesyithin-group replications error has been found to be consistent
different reagents, different apparatus where possible, and performing ”’@mong laboratories using the same type of test equipment and
work on different calendar days. degree of skill in operating it.

10.2 Materials—The evaluation of a test method shall be 10.3.1 Number of Replicate TestsThe number of
made over the entire range of values of the measured propergpecimens that shall be tested by each laboratory for each
and for a reasonably representative group of the materials @haterial will normally be two or three for a chemical test and
the type(s) to which the test applies. If possible, select thehree or four for a physical test. The number may be as small
materials to give results that fall at approximately equalas two when there is little danger that specimens or results will
intervals in the applicable range of the test method. be lost or questionable test values will be obtained, or as many

10.2.1 Number of Materials-Use as many materials as as ten when test values are apt to vary among replicates or the
practicable, consistent with economic considerations of time ofjumber of laboratories or materials is insufficient (see 10.3.2).
preparation and testing, if possible 20 or more materials, but a 10.3.2 Total Extent of An Interlaboratory StudyFor the
minimum of six materials for a single-scale instrument, and &ptimum yield of information comparable with the amount of
minimum of five materials per scale for a multiple-scalework involved, the following conditions should hold (subject
instrument, the five or six materials covering the useful rangeo the considerations of the above sections):
of the scale at approximately equal intervals. The more widely
different the types of materials to be included in the study, the
more materials per scale will be required.

10.2.2 Sampling of Materials-Sample each material so n= 2 ormore
that the variability among the specimens of that material will
be minimized. To do this, take all of the specimens from a
small area of a single roll, avoiding the edges of the roll. laboratory,

Usually specimens taken adjacent to each other in the maching _ number of laboratories. and

direction are more nearly alike than those adjacent in the crosg, — number of materials. '

directiop. As a further refinemen_t fqr physical tests, each sheet 11,5 if only 10 laboratories participate, it is suggested that
or specimen may be weighed individually to check that thes5ch be asked to make at least 4 replicate determinations on
weight is within tolerable limits and to exclude any that exceedygch of 18 materials. If 30 laboratories participate only 2
these limits. The study of sampling variability, such as macm”‘?eplicates per material would be required by the second
and cross-direction variabilities within a sheet, is not a propeggndition above, and then by the first condition only 12
part of an interlaboratory study for the evaluation of a testyaterials would be needed. Where a choice exists between the

method, but should be done in a single laboratory preliminary,;mper of replicates and the number of materials, it is best to
to the selection of materials for inclusion in the study. minimize the number of replicates.

10.2.3 Aging of Samplesf the samples are of such a ]
nature that their properties may change noticeably in the coursel- Design
of days or a few weeks, coordinate the timing of the tests 11.1 Basic Desiga-It is advisable to keep the design as
among the participating laboratories, so that the effect of agingimple as possible in order to obtain estimates of within- and
is not confounded with the differences among laboratories. between-laboratory variability that are unconfounded by
10.2.4 Conditioning of SamplesEspecially for physical secondary effects. The basic design is represented by a two-
tests, preconditioning (see TAPPI Standard T 402/ASTMway classification table in which the rows represent the
Method D 685) of the samples at low relative humidity prior to laboratories, the columns materials, and each cell (that is, the
conditioning and testing at 50 % relative humidity will avoid intersection of a row with a column) contains the replicate
confounding hysteresis effects with the differences amongleterminations made by a particular laboratory (the row) on a
laboratories. Whether preconditioning and conditioning shoulgarticular material (the column) (see Practice E 691).
be left to each participating laboratory or done at the laboratory 11.2 Master Plar—Use the plan agreed upon between the
where the samples are selected, depends on whether ttask group after careful discussion (see 5.2). This plan should
objective of the interlaboratory study is to obtain informationinclude detailed instructions for:
for improving the test method or to arrive at an estimate of the 11.2.1 The care of test specimens, including prominent
precision of the test method as applied. instructions for preconditioning and conditioning when
10.3 Order of Testing—The order and timing of replicate required (see 10.2.4).
determinations shall be designed to simulate the anticipated 11.2.2 The adjustment and calibration of the test apparatus.
testing procedure. Thus, while in many situations variability 11.2.3 The order of testing the specimens.
among replicate determinations is greater when measurementsl1.2.4 The performance of the test.
are made at different times than when they are made as part of11.2.5 The recording of results on the report form (see 11.4),
a group, nevertheless, if the normal testing procedure is tncluding number of decimal places to be used which, when
group replicate measurements, they should likewise b@ossible, should be one more than is required to be reported by
grouped in the interlaboratory study. Between group variabilthe test method under study.
ity, as for example, day-to-day variability, may depend mark- 11.2.6 The completion of a check list covering the
edly on the degree of control over the testing environment andequirements for each critical part of the apparatus or step in
the amount of supervision received. On the other handthe test method (see 11.4). Documents

npg = 720 approximately
np = 30 or more for each material

where:
n = number of replicate measurements per material per
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