BSI BSx284k: PARTxL 75 Lb24bbs 01125149 & EH

In BS 2846 : Part1:1975
® B%U GONFIRMED OCTOBER 1985
Guide to
¢ Statistical interpretation
of data

Part 1. Routine analysis of
quantitative data

.. . . Documents
British Standards Institution



http://www.avadocuments.com/doc/bs-2846-1-1975
http://www.avadocuments.com/doc/bs-2846-1-1975

BSI BSx284b: PARTx) 7?5 B lbkea4bbk9 0115150 4 EN

This British Standard, having been approved by the Advisory Committee on Statistical Methods, was published under the ‘
authority of the Executive Board on 30 June 1975.

© British Standards Institution, 1975
First published April 1957
First revision June 1975

ISBN: 0 580 08512 0

Copyright

Users of British Standards are reminded that copyright subsists in all BSI publications. No part of this publication may be
reproduced in any form without the prior permission in writing of BSI. This does not preclude the free use, in the course of
implementing the standard, of necessary details such as symbols and size, type or grade designations. Enquiries should be
addressed to the BSI Secretariat.

Contract requirements
Attention is drawn to the fact that this British Standard does not purport to include all the necessary provisions of a contract.

Revision of British Standards

In order to keep abreast of progress in the industries concerned, British Standards are subject to periodical review. Suggestions
for improvements will be recorded and in due course brought to the notice of the committees charged with the revision of the
standards to which they refer.

British Standards are revised. when necessary, by the issue either of amendment slips or of revised editions. It is important that ‘
users of British Standards should ascertain that they are in possession of the latest amendments or editions. Full information on all

BSI publications, numbering over 9000 will be found in the BSI Catalogue. This information is supplemented by details published

each month in BST News of new publications, revisions and amendments.

BSI News is available to Subscribing Members of the Institution. All other publications may be purchased direct from Sales
Department. Enquiries concerning subscribing membership, which has considerable advantages, will be welcomed, and should be
made to Subscriptions Department. Both departments are located at:

Linford Wood, Milton Keynes MK14 6LE (Telephone 0908 320033; Telex 825777).

The following BSI references relate to the work on this standard:
Committee reference OC/8 Draft for approval 74/87123

Co-operating organizations

The Advisory Committee on Statistical Methods, under whose supervision this British Standard was prepared, consists of
representatives from the following Government departments and scientific and industrial organizations.

Biometrika Institution of Production Engineers

British Paper and Board Makers’® Association Ministry of Agriculture, Fisheries and Food

Economist Intelligence Unit Ministry of Defence

Electronic Components Board National Coal Board ‘
Food Manufacturers’ Federation Post Office

Institute of Petroleum Society of Analytical Chemists

Institute of Quality Assurance

8603 —7—-0.3k—B ‘

Documents



http://www.avadocuments.com/doc/bs-2846-1-1975
http://www.avadocuments.com/doc/bs-2846-1-1975

BSI BSx284b: PARTx1 75 B lb24kbk9 0115151 bL N

=

BS 2846 : Part 1 : 1975

UDC 31:519.24:001.818

[ ——]

Guide to
Statistical interpretation
of data

Part 1. Routine analysis of
quantitative data

Amendments issued since publication

Amd: No. Date of issue Text affected

British Standards Institution - 2 Park Street + London W1A 2BS

Telsphone 01-629 9000
Telex 266933
Documents



http://www.avadocuments.com/doc/bs-2846-1-1975
http://www.avadocuments.com/doc/bs-2846-1-1975

BS 2846 : Part1:197b5

Contents

Co-operating organizations
Foreword

Guide
0. Introduction

Section one. General principles

1. Scope

2. References

. Frequency tables

. Graphical methods

. Representative constants

. Uncertainty of estimates

. Rounding

. Comparing estimates

. General recommendations

O 00~ N b w

Section two. Rules for presentation of
experimental results

10. General

11. Example of presentation

Section three. Frequency distributions

12, Purpose

13. Grouping

14, Rules for grouping

15. Example of grouping

16. Presentation of tables
17. Graphical representation
18. Symmetry of distribution

Section four. Further condensations:
arithmetic mean and standard deviation

19. Necessity for further condensation

20. Average or arithmetic mean

21. Measures of dispersion: standard
deviation

22. Computation of the mean and of the:
standard deviation

23. Estimation of the standard deviation
from the range

Section five, Uncertainty in estimation

24, Introduction

25. Distributions of means and standard
deviations

BSI BSx284k: PART*1L 75 lb24bbd 0115152 &4 A

Page

Inside front cover

3

SN N

[ =S B B B I N

[a—y

11
11

12

12

15

17

17

26, Confidence limits and confidence intervals .17

27. Validity of calculated confidence limits

28. Confidence limits for the mean

29. Confidence limits for the standard
deviation

30. Confidence limits for the standard
deviation estimated from the range

31. Examples

32. Homogeneity

33. The assumption of normality

17
18

18

18
19
19
22

NN L

Page
Section six. Rounding of observations and
estimates
34. Reasons for rounding 22
35. The effect of rounding 23
36. Rounding interval: definition and choice 23
- 37. Rounding of means and standard
deviations 23
38. Caution 23
Appendix
A. Statistical terms used in this standard 24
Tables
1. Compressive strengths of concrete
cubes (after 7 days) 7 .
2. Method of classifying observations 8
3. Two ways of presenting a frequency
distribution 8
4. Alternative way of defining groups in
a frequency distribution 9
5. Two_ways of presenting a cumulative
distribution 9
6. Analysis of fertilizer (% P,Os) 13
7. Analysis of fertilizer (% P,0Os): working
units 13
8. Breaking strengths of cotton fabric
strips (in newtons) 14
9. Calculation of mean and standard
deviation of a frequency distribution 15
10. Values for 4, 16
11. 959 confidence limits of standard
deviation estimated from range (in units
of range of observation) 18
12. Control chart limits for average ‘
and range 20
Figures
1. Frequency distribution of compressive
strengths of 400 concrete cubes (equal
intervals) 10
2. Frequency distribution of compressive
strengths of 400 concrete cubes (general
case) 10
3. Frequency curve for compressive strengths
of concrete cubes 11
4. Percentage cumulative distribution of
compressive strengths of 400 concrete
cubes 11
5. Control charts for compressive strengths
of 400 concrete cubes 21
6. Control charts for %, P,O5 in 20 samples
of fertilizer 21
7. Control charts for breaking strengths ‘
of 128 cotton fabric strips 22
Documents



http://www.avadocuments.com/doc/bs-2846-1-1975
http://www.avadocuments.com/doc/bs-2846-1-1975

BSI BI%284b: PARTx1l 75 B lb24bb9 0115153 T M

Foreword

The correct interpretation and presentation of
test results has been assuming increasing
importance in the analysis of data obtained from
manufacturing processes based on sample
determinations and prototype evaluations in
industry, commerce and educational institutions.
It was for this reason that subcommittee 2 of
Technical Committee 69 ¢ Application of
statistical methods ’ of the International
Organization for Standardization (ISO), was
charged with the task of establishing a guide to
statistical methods for the interpretation of test
results. UK delegates have for several years
participated actively in this work, with Prof. E. S.
Pearson, FRS, in particular providing many
valuable contributions. Prof. Pearson, FRS, is also
author of BS 600 ¢ Application of statistical methods
to industrial standardization and quality control ’,
which was first published in 1935. International
agreement has already been reached on the
specification of several techniques and it is
proposed to publish these as Parts of a revised
BS 2846%*, as follows.

Statistical interpretation of data

Part 1 Routine analysis of quantitative
data

Part 2 Estimation of the mean-confidence
interval (ISO 2602)

Part 3 Determination of a statistical tolerance
interval (ISO 3207)t

Part 4 Problems of estimation and test relating
to means and variances (ISO 2854)

Part 5 The efficiency of tests relating to means
and variances (ISO 3494)¥

Part 6 Comparison of two means in the case
of paired observations (ISO 3301)t

The above Parts relate to the interpretation of
quantitative data and it is recognized that a great
amount of the data resulting from manufacturing
processes is collected in a qualitative form.
Accordingly, it is proposed to add further Parts
to this standard which will be concerned with the
interpretation of qualitative data as well as
providing other techniques to those given in
Parts 1 to 6 for quantitative data.

The ISO committee is concerned primarily
with the publication of a series of documents
which present the mathematical calculations of
the test statistics without dealing in depth with
some of the more fundamental aspects which
may need consideration prior to their application.
For this reason, as well as to unite the separate
ISO publications into a series, the Advisory
Committee on Statistical Methods (OC/8) agreed
that a revision of BS 2846 : 1957 provided the
vehicle for this purpose.

Part 1 is based on BS 2846 : 1957 and is concerned

BS 2846 : Part1: 1975

with the routine analysis, presentation and
reduction of quantitative data, such as rounding
of test results, which should be considered prior
to applying the statistical tests given in later
Parts. BS 2846 has accordingly been amended
and is superseded by Part 1 of the standard.
These amendments can be summarized as
follows.

(a) The examples are now in metric units to

conform to later Parts}. '

(b) The mathematical techniques and tables

relating to the estimation of means, variances

and confidence limits have been deleted where

these are treated in Parts 2 and 4.

(c) The glossary of statistical terms is now an

appendix and takes account of the definitions

in ISO 3534 “ Statistical terminology and

symbols’ (to be published as a British Standard).

Part 2 specifies techniques for the estimation
of the mean of a normal population on the basis
of a series of tests applied to a random sample
on individuals drawn from this population, and
deals only with the case where the variance of
the population is unknown. It is not concerned
with the calculation of an interval containing,
with a fixed probability, at least a given fraction
of the population (statistical tolerance limits).

Part 3 specifies techniques for the estimation
of tolerance limits and also includes a brief
introduction to distribution-free methods. These
latter methods allow for the determination of
tolerance limits even when no assumptions
regarding the distribution of the underlying
population can be made.

Part 4 relates the estimates of the means and
variances of a sample to the population
parameters and specifies the techniques required
to examine certain hypotheses concerning the
value of those parameters.

Part 5 on the other hand specifies procedures
to ascertain which of the techniques in Part 4 it is
preferable to use under certain conditions, that
is, which test is most efficient under those
conditions. These considerations are based on
what are generally referred to as the errors of
the first and second kind, or to the related
probabilities of drawing wrong conclusions from
the sample results by application of the criteria
of a given test.

Part 6 deals with the special case known as the
method of paired comparisons, which Part 4
touched on briefly. Such cases can arise, for
example, when two tests are performed on each
specimen in the sample, a first prior to the
application of some treatment and the second
after, in order to ascertain whether the treatment
is effective or not.

* BS 2846 : 1957 * The reduction and presentation of experimental results °.

t In course of preparation.

t The factors for this conversion have been extracted from BS 350 ¢ Conversion factors and tables *. "

3
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The committee wishes to call attention to the
various assumptiuns underlying the application
of the methods as stated 1n the text of Parts 1 to
6. These assumptions can be satisfied in almost
any situation 1f the experiment has been designed
properly from a statistical standpoint and this
standard is concerned with data arising from
experiments that are satisfactory in this respect.
Although not dealt with in the following pages
the design of experiments is an important subject
to which experimenters should give careful
thought more thought than is sometimes given
before an expetiment ‘s started.

Most of the techniques for the analysis of
quantitative data described 1n the standard
assume that the items in the sample come from
a population which has a normal distribution.

In certain cases this assumption is not critical
but in others unless it can be shown to be at
least approximately true the techniques should
not be applied. This applies particularly to the
estimation of tolerance intervals as specified in
Part 3 and to those tests for variances in Part 4.
This problem is discussed briefly in Parts 1 and 4
and in more detail in BS ... .* * Testing for
departures from normality °.

This standard does not contain methods for
the collection of individuals in the random sample.

* In course of preparation.

In this respect references should be made to the
particular British Standards which specify the
sampling procedures for a specific product. In the
case of discrete items reference to BS 6000 and
BS 6002 (see below) contain general descriptions.
The following British Standards also provide
practical guidance on the application of statistical
methods.

BS 600 Application of statistical methods to
industrial standardization and quality
control

BS 1313 Fraction-defective charts for quality
control

BS 2564 Control chart technique when
manufacturing to a specification,
with special reference to articles
machined to dimensional tolerances

BS 6000 Guide to the use of BS 6001. Sampling
procedures and tables for inspection
by attributes ‘

-BS 6001 Sampling procedures and tables for
inspection by attributes

*BS 6002 Sampling procedures and charts
for inspection by variables

*BS .... Determination and statistical analysis
of precision data for a standard
test method.
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British Standard Guide to

Statistical interpretation of data

Part 1. Routine analysis of quantitative data

0. Introduction

It is generally agreed that reports of the results of
investigations should preferably include the
observations that have been made, unless
limitations of space preclude this. Even when it is
possible to give the observations in full, it is
preferable also to give the essential information in a
condensed form for ease of discussion. It is
desirable, not only to do this in a uniform way to
avoid confusion, but also to ensure that the form
adopted should follow the methods that have been
found most satisfactory in practice.

Section one. General principles

1. Scope

This standard gives rules which are recommended
for use in the condensation of data; it is, however,
restricted to the consideration of observations of
one variable only.

The standard deals also with: the uncertainty of
various quantities estimated from the data, arising
from the complex of variations which are termed
errors. The application of the various measures of
uncertainty depends on the validity of certain
assumptions, which are referred to in the text, and
in general these assumptions are satisfied only if
the experiment is designed properly from a
statistical standpoint.

2. References

The titles of the British Standards referred to in
this standard are listed on the inside back cover.

3. Frequency tables

Although it may be desirable to present the whole of
the original data, it is not always convenient to do
so if the data are numerous. While a few values

may be reported in the text and cause no confusion,
such a procedure with a large body of data might
cause considerable interruption of the discussion. It
is often better, therefore, o give the full results in

an appendix, and to include a condensed form of
the data in the text. Some condensation is achieved
by grouping. Grouped results may be presented in
two ways, namely, as group frequency tables or as
cumulative frequency tables, and both ways are
described in section three. For most purposes
grouping is of little value if fewer than thirty

results are available.

4. Graphical methods

In general, it is not difficult to grasp the information
in a comparatively small number (ten or fewer) of
values. It is, however, beyond the ability of most
people to visualize the general features of a mass

of data, even when they are grouped, and the use of
diagrams will usually assist in understanding their
implications. The diagrams most frequently used
for this purpose are the histogram and the
cumulative diagram these also are described in
section three.

5. Representative constants

Even the grouped data cannot be used readily for
comparison with other data or information;

further condensation is required for this purpose.
Two quantities, the arithmetic mean and the
standard deviation, are for most purposes adequate
to represent the given data; these are described in
section four and methods of calculating them are
given.

6. Uncertainty of estimates

Itis a matter of experience that observations made
under apparently identical conditions usually show
some variation, because of factors outside the
experimenter’s control. Such variation in the
observations leads to similar, but smaller, variation
in means and in standard deviations calculated
from the observations. Thus, since experiments
when repeated usually give results with slightly
different means and standard deviations, the mean
and the standard deviation estimated from a single
group of results are subject to some uncertainty.
Section five discusses this uncertainty and ways in
which it may be represented, and Parts 2, 3 and 4
specify techniques for dealing with particular
problems.

7. Rounding

It is frequently found that observations are reported
to more figures than are required for the purpose

in view; this may be corrected by rounding. The
subject is discussed in section six, where a rule is
given to determine the maximum degree of
rounding which may be carried out. Caution must
be observed, however, in rounding data, since it
may later become desirable to make comparisons
which require the greater number of figures

originally available.
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8. Comparing estimates

It should be borne in mind that this Part of the
standard gives rules only for the condensation and
presentation of experimental results. While the
purpose of such condensation is usually to permit
comparisons to be made, the conditions which
must be fulfitled before such comparisons are valid
are not discussed here, and reference should be
made to texts on the statistical design of experi-
ments. It may be noted, however, that any
comparison made should be judged against an
estimate of variability, e.g. a standard deviation,
which takes account of all sources of error which
might affect the comparison. The subject is
discussed, in rather more detail, in clause 32 and
Parts 4, Sand 6.

9, General recommendations

This Part of the standard includes a list of general
recommendations, which for convenience of
reference is given in section two, An appendix of
statistical terms used in the standard is also given.

It should be stressed that, although the following
sections give some explanation of the reasons for
the adoption of the procedures recommended, this
explanation is necessarily very brief; those who
require a fuller explanation, or wish to pursue the
subject further, are advised to consult BS . .. .* or
one of the standard textbooks on statistical
methods,

Section two. Rules for presentation of
experimental results

10. General

10,1 Report experimental observations in full,
unless limitations of space preclude this; if the
observations are numerous they may be given in an
appendix to avoid interrupting the discussion.

10.2 Present the results also as a frequency
distribution, unless there are fewer than thirty
observations, To facilitate this:
(a) rules for grouping are given in clause 14;
(b) a method of classification is described in
clause 15;
(c) presentation of tables is discussed in
clause 16.
10.3 Always give the following information:
(a) the arithmetic mean (see clauses 20 and 22
and Part 2);
(b) the standard deviation (see clailses 21, 22
and 23 and Part 4),
(c) the number of observations.
NOTE. This rule should always be observed whether or not
a frequency table is given.
10.4 Tf possible also give:
(a) 959% confidence limits for the arithmetic
mean (see clause 28 and Part 2);

% BS .... The determination and statistical analysis of precision data for a standard test method. ‘

t BrRowNLEE, K. A, Industrial experimentation. The Chemical Publishing Co. Inc.
CocHRAN, W. G. and Cox, G. M. Experimental designs. John Wiley and Sons.
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(b) 95 9% confidence limits for the standard
deviation (see clauses 29 and 30 and Part 4).

10.5 Give all possible information on the
conditions under which the observations were
made. If the conditions were not constant for the
whole set of observations, it is possible that the
observations do not form a homogeneous group;
homogeneity is discussed in clause 32. Where there
is evidence of heterogeneity the data should be
subdivided to give homogeneous subgroups; the
conditions ruling for each subgroup should be
stated. The mean, the standard deviation, and the
number of observations should be given separately
for each subgroup.

10.6 Examine whether observations could with

safety be rounded (see section six). If there is any

likelihood that the data will be used later for

purposes other than those intended originally,

however, it is best not to round them. ‘

11. Example of presentation

The data on compressive strengths of concrete
cubes from table 1 are shown as a frequency table
(table 3) and as a histogram (see figure 1). When
further condensed these results would be presented

as follows.
959, confidence
limits
Lower Upper
Number of observations 400

Arithmetic mean (N/mm2) 27.36 27.01 27.711
Standard deviation (N/mm2) 3.57 3.32 3.86

Some prefer, however, to attach the confidence
limits directly to the relevant estimates. This might
be done quite conveniently for the mean if the
limits were given in brackets as shown below, and ’
would be satisfactory provided a note were added
which explained the meaning to be given to the
figures in brackets.

Number of observations Arithmetic mean

400 27.36 (4-0.35)1 N/mm?2
1 The figures in brackets represent the 95 %; confidence
limits.

Unfortunately, the confidence limits for the
standard deviation are not usually symmetrical
about the estimate, so they cannot be expressed
conveniently in this way.

Section three. Frequency distributions

12. Purpose

The simplest method of condensing data is to form
groups within which the individual observations
differ little from one another. The full set of data
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can then be replaced by a table which shows for
each group the number of the original observations
which fall within it. This section describes how

the groups should be chosen; it also outlines a
simple procedure for the preparation of the table,
and the way in which the table is best presented.

Table 1. Compressive strengths of concrete
cubes (after 7 days)

All quantities are in N/mm?2.

240 304 253 297 270 285 367 245
23.8 279 21.0 277 257 234 255 308
28.8 31.1 28.8 268 272 223 330 43.6
288 27.7 23.6 28.8 285 243 26,6 33.0
232 274 291 247 228 266 240 306
320 272 264 312 279 354 247 252
279 224 27.6 279 283 270 241 284
276 268 31.1 303 268 277 274 403
28.6 246 343 258 272 225 219 240
28.5 283 263 272 259 245 29.0 170

293 304 28.7 262 23.0 277 304 262
28,7 258 270 28.8 30.7 281 283 29.0
259 253 25.8 232 21.7. 266 29.7 317
39.1 303 310 301 29.6 253 28.1 23.6
30.8 312 221 183 348 187 259 258
279 292 279 260 265 281 247 232
373 274 250 268 242 270 28.8 275
372 272 272 240 289 268 332 305
279 274 287 249 270 290 258 28.1
27.6 28.1 29.0 294 300 283 328 251

28.1 249 28,0 255 265 30.1 28.6 251
27.0 23.6 265 221 279 245 301 25.1
270 291 274 302 256 285 313 230
324 298 268 241 305 29.0 289 294
313 244 255 247 228 274 260 26.8
28.8 225 268 269 283 285 278 312
31,5 253 276 321 251 296 31.6 25.1
303 259 294 314 234 251 279 314
29.0 292 292 264 272 251 254 288
32,6 270 238 256 259 373 234 245

288 223 264 260 191 341 301 322
355 244 274 263 269 19.1 239 264
328 268 255 270 245 245 248 21.9
309 274 219 349 247 301 241 253
31,5 293 228 342 221 221 235 247
301 293 234 256 301 31,7 271 238
264 272 208 305 21.6 193 274 249
29.6 234 325 292 232 29.6 234 249
270 279 28.8 31.8 221 270 31.6 239
30.1 302 325 320 266 234 28.0 269

346 28.1 339 225 266 258 304 24.7
26.1 294 27.7 239 253 253 19.8 212
243 315 274 260 257 232 232 245
307 326 26.8 248 274 251 28.5 283
30.9 285 28.7 29.6 259 292 235 333
27.6 259 27.6 251 253 204 233 318
351 326 279 264 283 27.0 28.8 305
28.8 294 239 249 285 267 263 30.0
27.0 263 27.6 23.6 21.6 267 198 29.2
255 221 254 260 214 254 183 319

The method of grouping the observations is
shown in the example given in clause 15,

BS 2846 : Part1:1975

13. Grouping

When data have been grouped the range of values
assigned to a group is referred to as the group
interval, and the end values which define the
interval as the group limits. The number of
obsetrvations which fall into a group is called the
group frequency, and the way in which the
frequencies are distributed over the groups is
called a frequency distribution.

14. Rules for grouping

It is usual to choose the intervals so that there are
about 10 to 20 groups, and preferably the intervals
should be equal in width. Where there is a tendency
for certain values (e.g. multiples of 10) to occur
much more frequently than their near neighbours,
the groups should be so arranged that these values
occur at about the middle of the corresponding
intervals. Group limits should be chosen so that
there is no doubt into which group a particular
observation.should fall; this means that group
limits should never be values which can occur as
observations. The most satisfactory arrangement

is to set the limit between two adjacent groups
midway between the highest observation which
can occur in the lower group and the lowest
observation which can occur in the higher group.
This usually means that the group limits must be
expressed to one more figure than is used in
recording the observations, Observations which are
to be grouped should not be rounded first (see
clause 34), since grouping is a form of rounding,
and successive rounding is liable to lead to
systematic errors.

15. Example of grouping

Table 1 gives a set of 400 observations of
compressive strengths of concrete cubes.

In grouping data such as those given in table 1
the first step is to decide what intervals to use; in
this instance, 2 N/mm?2 is chosen as a convenient
common jnterval, and there are thus 14 groups.
As the data are recorded to the nearest 0.1 N/mm2
the limits are arranged to end in 0.05; the intervals
chosen are shown in table 2 (column 1). For each
observation a mark is placed against the
corresponding group; for ease of counting the
marks are arranged in blocks of five, the fifth mark
being drawn across the other four. Table 2 shows
the arrangement. When every observation has been
allocated to a group, the marks in each group are
counted and give the frequency for that group.

16. Presentation of tables

For the convenience of readers each table should be
given a title and the headings of the columns
should be worded clearly. If this is difficult to

achieve in a few words explanelrj)ra footnotes ca
cuments
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