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It is also worth comment that the 0/- zone appears
to be distinguishable, better than the others. Thus,
it is virtually unknown for a reader who had assessed
a film on any one occasion to read it higher than 0/0
on another occasion, and it is very rare for a second
reader to do so.

Discussion
It is clear that individual readers do not place
closely similar proportions of films into the various
zones of the N.C.B. elaboration. This is not
unexpected in view of the definitions: they depend
on the terms 'serious possibility' and 'no doubt'.
Without any briefing, these terms are obviously
open to wide variation in interpretation. However,
with adequate briefing it is possible to get a reason-
able degree of consistency in a group of readers.
There is, however, a little evidence (from Tables 2
and 3) that the use of marginal zones decreased over
time. In addition, it is clear that within I.L.O.
category 0, in which most films from natural
populations are placed, the use of the zones is
strongly influenced by film quality.

This lack of consistency might, at first sight,
appear a drawback of fundamental importance.
However, this is not so. Although the additional
information obtained by use of the elaboration is
not exactly the same for each reader, it is neverthe-
less additional. Thus, statements on the prevalence
of pneumoconiosis can be made with confidence
in terms of the I.L.O. classification, simply by
ignoring the alternates, while the use of the alternates
themselves clearly leads to marked improvements in
observer error; and these improvements occur
irrespective of film quality.
The evidence we have presented leads us to

conclude that the 12 zones of the elaboration can
be considered as showing steadily increasing
radiological abnormality. This is not to say that the
differences between adjacent zones are necessarily
due solely to differences in dust retention. In
particular, the 0/0 film may differ from the 0/- not
so much because of development of early pneumo-
coniosis but because of non-specific radiological
change due to, say, the presence of bronchitis or to
ageing (perhaps associated with exposure to
atmospheric pollution), or even arising out of
imperfect radiographic technique. Nor does this
evidence allow us to be sure into what proportions
the zones split each I.L.O. category. This is beyond
the scope of the present paper, but two trials have
been conducted recently to examine this subject, and
preliminary findings provide strong support for our
conclusion that the zones show steadily increasing
abnormality.
We must also consider whether any alternative

classification would be more advantageous. The
4-point scale of the I.L.O. classification is too coarse

when considered from a statistical viewpoint,
particularly when it is borne in mind that the
radiographs of the vast majority of miners are
placed in I.L.O. category 0; in British mines, P.X.R.
placed 88 % of nearly 463,000 men into this category
(Rogan, 1964). The need for refinement has been
clear to many workers' for a long time. One approach
is to introduce 'half-categories', and some success
has been achieved by other workers. However, this
leads only to a 7-point scale and the evidence now
is that the finer the scale (within reason) the better.
It might nevertheless be thought worth treating
adjacent marginal zones as identical, e.g., treating
0/1 and 1/0 as having the same meaning, in order to
make the resulting zones roughly equal in frequency
of use. On the other hand, the scale would be
reduced to 9-point, and it has been demonstrated
that transmitted information would be correspond-
ingly less. Further, it would mean that the borderlines
of the I.L.O. categories would fall within, and not on
the edges of, the resulting zones, leading to potential
difficulties in such matters as comparing statements
on prevalence.

Thus, of all the refinements that have been tried,
the N.C.B. elaboration appears the most suitable.
It achieves the important object of increasing
information without distorting in any way the basic
categorization. Further, it seems probable that, if it
were desired to make statements on prevalence in
terms of the 12-point scale in detail, readers could
conform to a consistent pattern of use of the zones
with adequate briefing and experience. Meanwhile,
it is clear that the elaboration can be used success-
fully, for the purpose of increasing information,
without training; it avoids the need for any more
specific definitions of category boundaries.
There are two further very considerable advan-

tages of the elaboration. First, it makes important
contributions in the assessment of the radiological
progression of pneumoconiosis. Full details are
given by Liddell and May (1966) and by Liddell
(1969). It is obviously desirable to use the same
refinement for reading single films as for reading
pairs. The second advantage is the considerable
improvement in ease of reading, as reported by
Gilson (1967), among others.

Finally, comment should be made on the
possibility of achieving a similar degree of increased
sensitivity by some form of multiple reading using
the unelaborated I.L.O. classification. Undoubtedly
this is possible: but it is inefficient in the use of
skilled reading ability. To obtain a 12-point scale

'Blair et al. (1966), however, make the judgement that any
proposed category additional to the I.L.O. classification
would be acceptable only if reproducibility were maintained.
By ignoring potential improvement in sensitivity, this view
begs the fundamental question ofhow to find the best balance
of consistency and sensitivity. See also Appendix III.
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by a single reading into the N.C.B. elaboration
appears better than to achieve a scale of similar
fineness involving three or four times the reading
effort. Multiple reading does, of course, allow to
some extent for diurnal variations in reading
levels, and if the effort can be made available it
should be used with the elaboration to obtain much
greater sensitivity still. This would be a most
attractive possibility if (as has been suggested over
the years) the process of film reading for research
purposes can just as well be carried out by lay
readers as by those medically qualified, and partic-
ularly should it prove possible to select people who
are especially good in the use of such a classification.
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Appendix I

Terminology

I.L.O. classification The conventional (unelaborated)
International Labour Office (1959)
classification of pneumoconiosis

N.C.B. elaboration

I.L.O. category

Alternate

Central zone

Marginal zones

P.F.R.

P.F.R. readers

P.X.R.

P.X.R. readers

The elaboration described in this
paper and illustrated in the Figure
A category (0, 1, 2, or 3) of the
I.L.O. classification
The I.L.O. category, adjacent to
that first recorded, considered as a
serious possibility, e.g., in the
reading 2/1, the altemate is cat-
egory 1
That (central) part of each I.L.O.
category where a reader, using the
N.C.B. elaboration, has not re-
corded an altemate. The central
zones are 0/0, 1/1, 2/2, and 3/3
The other (i.e., non-central) zones
of each I.L.O. category. The
marginal zones are 0/-, 0/1, 1/0,
1/2, 2/1, 2/3, 3/2, and 3/4
The National Coal Board's Pneumo-
coniosis Field Research (Fay and
Rae, 1959)
The film readers of P.F.R.; they are
identified as F.1 to F.4
The National Coal Board's Periodic
X-ray Scheme (Rogan, 1964).
The film readers of P.X.R.: those
who took part in all relevant trials
are identified as X.1 to X.4; those
who were only available for certain
trials as Y.1 to Y.4

For notes on amount of information transmitted, see
Appendix III.

Appendix II

Details of trials

Trial 1 (3rd check on the consistency of film reading in
P.X.R.)
A total of 350 single films was included. They had all
been taken in the course of routine P.X.R. surveys, in all
coalfields. Most of the films came from surveys in 1960,
but over 50 had been taken in 1959 and had been incor-
porated into the previous (2nd) check.
The films were selected, at Headquarters, in terms of

the original (survey) readings of the films to give equal
numbers from each x-ray Unit, and to give high (and
roughly equal) proportions of abnormality; in particular
there were very few normal films and a very high pro-
portion of those which had been placed in I.L.O.
category 1 on survey.
The I.L.O. classification was used throughout.
Each P.X.R. reader in post assessed each film once

only. The readers concerned were X.1 to X.4 and Y.1
to Y.3.

Trial 2 (4th check on the consistency of film reading in
P.X.R.)
A total of 350 single films was included, selection being
very much as for the 3rd check except that (a) the
majority of the films had been taken in 1961, with nearly
50 from the 3rd check (trial 1), and (b) the pattern of
abnormality was rather more realistic although still at
a higher level than natural.
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The films were put into seven batches, which were
designed (and proved) to be as nearly identical as possible.
Each reader read three of the batches twice. For one of
these batches, he used the I.L.O. classification on both
occasions; for a second, he used the N.C.B. elaboration
on both occasions; for the third, he used the I.L.O.
classification on one occasion and the elaboration on the
other occasion. Each reader read two more batches,
once only, using the I.L.O. classification; he read the
two final batches, once only, using the N.C.B. elaboration.

All P.X.R. readers in post took part. They were
X.1 to X.4 and Y.2 to Y.4.

Trial 3 (5th check on the consistency of film reading in
P.X.R.)
A total of 350 films was included, selected as before
except that (a) the majority of the films had been taken
in 1962, with over 60 coming from the 4th check (trial 2),
and (b) the pattern of abnormality in the sample was made
more realistic still.
The N.C.B. elaboration was used throughout.
Each P.X.R. reader in post assessed each film once

only. The readers concerned were X.1 to X.4 and Y.3
and Y.4.

Trial 4 (Preliminary P.X.R. enquiry into methods of
assessing progression)
A total of 300 films was included. They consisted of pairs
of films for 150 subjects x-rayed within P.F.R. The films
were selected from four collieries, and from a very much
earlier trial, to make an appropriate sample for the
purposes of the enquiry. The distribution of abnormality
in the complete series, treated as single films, was fairly
similar to that of trial 3 (see Liddell and May, 1966, p. 48).
The films were placed into three batches which were
shown to be virtually identical. They were assessed
singly (inter alia) in a quasi-random order with the pair
of films for a subject separated sufficiently for it to be
clear that the reader could have no knowledge of one
film when assessing its pair.
The N.C.B. elaboration was used throughout.
Each P.X.R. reader in post assessed one batch twice

and a second batch on one occasion. (The third batch
was not read in this way by the same reader, because of
a complex trial design which had to meet specific
purposes, while minimizing effects of learning, etc.)
The readers who took part were X.1 to X.4 and Y.2
to Y.4.

Trial 5 (Main P.X.R. investigation of methods of assess-
ing progression)
A total of 378 films was included. Selection was similar
to that for trial 4, except that films came also from
P.X.R. sources. The distribution of abnormality was
reasonably close to that of trial 3 (see Liddell and May
(1966, p. 49)).
Each P.X.R. reader in post assessed each single film

on four separate occasions, twice into the I.L.O. classifica-
tion and twice into the N.C.B. elaboration. The readers
were X.1 to X.4 and Y.4. P.F.R. readers also took part,
but only using the I.L.O. classification.

Trial 6 (P.F.R. trial 65X1)
A total of 314 films was included. They were those read

for trial 5 with certain exclusions forced by clinical
considerations.
Each P.F.R. reader (F.1 to F.4) read each single film

on two separate occasions, once into the I.L.O. classifica-
tion and once into the N.C.B. elaboration.

Trial 7 (P.F.R. trial 66X1)
A total of 600 films was included. Selection was of three
serial films for 200 subjects at three P.F.R. collieries.
The subjects were chosen to give as even as possible a
spread of their measured dust exposures, and the dis-
tribution of abnormality in the series treated as single
films was reasonably 'natural'.
The N.C.B. elaboration was used throughout.
Each P.F.R. reader (F.1 to F.4) assessed each single

film on two separate occasions.

Appendix III

Measurement of observer error

Observer error in reading a chest radiograph for
simple pneumoconiosis (as in all diagnostic procedures)
must be assessed in terms of both sensitivity and con-
sistency, which are related but conflicting aims. To do so
is comparatively easy where measurement has been made
on a cardinal scale with many steps (as in most measure-
ments in the physical sciences, e.g., of height, weight,
and time). It is then possible to determine by straight-
forward statistical techniques the standard deviation of an
observation, and this can be used to define confidence
limits, which in turn indicate the degree of sensitivity.

But, until more work has been done on validation, it
cannot be assumed that any scale of simple pneumoconio-
sis is truly cardinal (although it is not unreasonable to
assume it is ordinal); and even the N.C.B. elaboration
consists of only 12 steps. There is a further complication
which becomes of importance in this situation: in
virtually all working populations the distribution of
abnormality is highly skew; in other words, there is a
high proportion of films with normal appearances while
the comparatively few remaining films have to be
classified into yet smaller groups according to the severity
of the condition. No measure of observer error is known
which is satisfactory in all these circumstances.

It is considered that the least unsatisfactory is the
average amount of information transmitted. The method
of calculation is given in the Appendix to Liddell (1963),
together with a convenient table. This statistic has certain
close affinities to the x2 statistic commonly used for the
analysis of two-way tables. Both take consistency and
sensitivity into account together, but x2 is much more
difficult to calculate. The theoretical background of
information statistics is given in a standard text by
Kullback (1959). A heuristic justification is in Liddell
(1963).
The upper limit of the amount of information trans-

mitted is determined in any particular situation by the
number of categories in the classification being used and
by the distribution of abnormality in the series of films
being examined. In a selected series in which the numbers
of films in the various categories are closely similar, the
statistic could approach the theoretical limit which is
log2 (number of categories), or 2 00 binary digits for the
I.L.O. classification, 3-58 for the N.C.B. elaboration.
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But in a 'natural' series, where there is a heavy pre-
ponderance of films with normal appearances, the
maximum information which could be transmitted will
be very much less: the more uneven the distribution over
the categories the lower the practical limit on the statistic.

It is important to appreciate that the increased inform-
ation transmitted with the N.C.B. elaboration is not
simply an artefact of the finer scale: it arises because of
the tendencies (a) towards perfect agreement even within
the finer classification, and (b) in those cases where the
I.L.O. category is not agreed, for that category never-
theless to be quoted as alternate; see Table 11 for an
illustration of these tendencies, which have been found to
arise in all applications. Thus, the amount of information
transmitted can be used for comparisons between
classifications used in any one trial. On the other hand,
the dependence of the value of the statistic on the
distribution of abnormality means that comparisons
cannot be made of results from different trials unless

the distributions of abnormality in the trials concerned
were similar.

Reproducibility, as defined by Ashford and Enterline
(1966), both for a classification and for a category, are
reasonably satisfactory for certain comparisons of
readers' performance, e.g., on a single set of films.
However, these measures are in no way concerned with
sensitivity. They also, of course, depend on the dis-
tribution of abnormality. This is recognized by Ashford
and Enterline's colleagues (Blair et al., 1966) when they
propose a 'standard of reproducibility' in terms of a
population containing a specific percentage of abnormal
films. (They do not make recommendations on what is
acceptable when the proportion of abnormal films is
different.) However, although these workers express the
view that reproducibility must be maintained, they
ignore potential improvements in sensitivity, and make
no attempt to examine the balance of consistency with
sensitivity.
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