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TABLE 5
PERCENTAGE OF OPINIONS DIFFERING FROM STANDARD CATEGORIES (ANALYSIS BY OBSERVER AND GROUP OF FILMS WITH

SAME STANDARD CATEGORIES)

Groups of FilmS by Standard Categories

Normal Simple Pneumoconiosis
Observer ~~~~~~~~~~AllAll All

Non|mi Miners Category I Category 2 Categories Normals Abnormals Films
NS S NS S NS S NS S NS S NS S NS S NS S

P 38 38 33 67 94 29 81 12 4 8 36 45 52 15 49 24
Q 0 6 0 17 61 59 56 12 42 21 0 9 51 30 38 24
R 19 38 17 83 67 41 94 0 67 33 18 50 72 26 59 33
S .. 56 56 33 100 61 47 31 12 17 8 50 68 34 21 39 34
All 28 34 21 67 71 44 66 9 32 18 26 43 52 23 46 29

NS = without standards
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films and observers to the general problem of accu-
rate radiological diagnosis in pneumoconiosis. We
believe nevertheless that certain conclusions may
reasonably be drawn from our results and further
lines of investigation suggested.
We find no evidence that increased o.8 -

care in the verbal definition of the
radiographic appearances in the
categories assists observers to agree 0*700
in their classification of films. The
use of standard films enabled most
of the observers to improve their 0-600
accuracy of diagnosis, but this in-
creased accuracy was not uniform.
The most experienced observers (W to o.5o
Z) were only assisted in the classifica-
tion of normal films. These observers
achieved reasonable accuracy in the 0 400
abnormal films without standards and D
gained no additional accuracy by the G
use of standards. With the less ex- K
perienced observers and especially with F 0-30(
the least experienced observers of all, J
the position was reversed. Considerable H
improvement in accuracy was achieved CE 0-200
by the use of standards in the case of B -
abnormal films, but these less experi-
enced readers appeared to be misled by A 0-100
the standard film of category 1 into
diagnosing abnormality where none
existed. 0

It might be suggested that this result Previous Exp
Victor

was found because the standard film Films
category 1 pneumoconiosis was really
within normal limits. If this were so,
normal films might often show a similar
appearance when compared with the
standard, and would be diagnosed FIG. 4.--
as having category 1 simple pneumo- Obser

S - with standards

coniosis on this comparative basis. This possibility
requires careful consideration, for several radio-
logists and chest physicians of experience have said
that they consider our films ofcategory I to be within
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normal limits. Our reason for rejecting this
explanation is chiefly based on the performance of
observers W to Z, who, both in their individual
reading and especially in consultation, were appar-
ently able to see some particular appearance in
the standard film which was not present in the
films of non-miners. Very careful scrutiny was
necessary to make this distinction which was only
made with complete accuracy when they discussed
the films in consultation.

It appears that considerable experience is necessary
for the identification of the earliest characteristic
radiological abnormalities of pneumoconiosis and
that only observers W, X (observers A and B of
our first paper), A, D, and F showed themselves
capable of detecting this appearance with reasonable
accuracy. The other observers, when using the
standard appear to have been misled by some
incidental appearance not characteristic of pneumo-
coniosis. We are engaged upon a further experiment
to test this point, using a larger number of normal
films. Preliminary results suggest that experienced
readers can consistently distinguish films of miners
with no more abnormality than the lower limit of
our category 1 from films of men who have never
been exposed to dust. Methods of assisting the
inexperienced to use the standard film of category 1
effectively are being explored.

TIhere is probably considerable individual varia-
tion in ability to use standard films. Certain
readers may never use them easily. For instance,
observer W, whose accuracy was the best of the
whole group of observers when working without
standards, was a quick competent reader and
appeared unwilling to change his immediate impres-
sion of a film when the standard was presented
to him. He appeared to prefer his own mental
standard to the objective standard films.
We have observed the high consistency of a

consultative reading in which four observers read
the films using the standards and discussed each
film until they reached agreement. When this
consultative reading was repeated on two occasions,
and the small number of films on which the two
separate readings were different were further dis-
cussed until agreement was reached, the final result
agreed with the average opinion of all the observers
when they were using standards in all but three of
the 80 films. Moreover, both the consultative
opinion and the standard category gave the correct
diagnosis when films which were known to be
normal were in question. If it is accepted that the
average opinion of a set of observers gives the true
category of a film, consultative readings will also
tend to give this true category.
We have at present, therefore, adopted the

consultative technique in the routine reading of
films taken on radiological surveys by the Pneumo-
coniosis Research Unit. The films are read on
two occasions by two or three observers using
standard films, and those films on which the two
readings are different are subjected to a third
scrutiny to reach a final opinion. This technique
is similar to that suggested by Yerushalmy, Harkness,
Cope, and Kennedy (1950) for the most accurate
radiographic diagnosis of tuberculosis.

Certain drawbacks and difficulties in the use of
standards became apparent in the course of our
experiment. First, there is considerable variety in
the type of appearance in radiographs of coal-
workers' pneumoconiosis (Fletcher and others, 1949).
The standards used in Parts I and II of our experi-
ment were all of the " mixed" type of pneumo-
coniosis. A number of films in the series were of
a much finer type (pinhead) than the standards and,
in such cases, the observers complained of inability
to use the standard films for comparison. They
were being asked, they said, to compare dissimilar
appearances. Some confirmation of this dissatis-
faction was found by considering those films which
were predominantly of the pinhead type with those
films which were predominantly of the mixed or
nodular type. One of us (C. M. F.) and observer Y
sorted all the films in category 2, 3, and 4 into those
predominantly of the pinhead type and those
predominantly mixed or nodular. It was found
that in Parts I and II ofthe experiment, the proportion
of correct opinions in the pinhead group was 65%/o
working without standards, and 66% working with
standards, whereas in the nodular and mixed group,
72% of the opinions were correct without standards
and 79% correct with standards. The lack of
improvement with standards in the pinhead group
confirms the observers' expressed difficulty in
asses,sing the pinhead films with standards. For
this reason we have decided that, at least in the
case of category 3, it is necessary to have two
standard films, one of the mixed nodular type and
the other of the pinhead type, so that like can be
matched with like. (The set of standards used by
the "inexperienced" observers P, Q, R, and S
included a " mixed " and a " pinhead " category 3
film.)

Secondly, there is the labour involved in reading
with standards. More than one viewing screen is
required and for each film read at least one standard
has to be selected and placed on the screen for
comparison. This means that reading with standards
slows the speed at which films can be scrutinized.
It is, however, possible that by a specially designed
viewing screen, the use of standards could be
made less laborious.
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Even when standard films are used, our results
suggest that the level of accuracy achieved by the
observers who took part in our experiments is still
far from satisfactory.

Radiographs are generally used as the chief means
of diagnosis of pneumoconiosis in life for purposes
of diagnosis and compensation. It has been sug-
gested that men with less than category 2 simple
pneumoconiosis are unlikely to be disabled by this
disease and may be rejected on scrutiny on their
films if they apply for disablement benefit on account
of pneumoconiosis. The cases in our experiment
with films of agreed category 2 might then be
considered for benefit. Of this group of films,
20% of the opinions were of category 1 when read
with standards, so that if observers A to F and
W to Z were responsible for scrutiny of those cases,
we could expect 20% of them to be incorrectly
deprived of assessment for disability benefit, even
if standards were used.

Again, it has been suggested that progressive
massive fibrosis, which is responsible for, the most
serious disablement in coal miners' pneumoconiosis,
seldom arises in cases with less than Category 3
simple pneumoconiosis. If this were confirmed, and
men were removed from dust exposure before they
reached this level, they would then be protected
from developing the serious disability associated
with massive fibrosis (Fletcher, 1950). To do this
it would be necessary to diagnose Category 2 with
accuracy. We find that, working with standards,
10% of the opinions given on films of Category 2
simple pneumoconiosis were of Category 3 and
19% of the Category 3 films were called Category
2. Thus our observers would make some 15%
mistakes in diagnosing cases at this " critical stage ".
On the other hand, observers W, X, Y, and Z
working together in consultation only mis-diagnosed
one of the 17 cases of Category 2 and none
of 16 cases of Category 3. We suggest that for
important decisions based on radiographical diag-
nosis ofpneumoconiosis the technique ofconsultative
readings on at least two separate occasions should
be used.

Lastly, we must consider briefly the influence of
radiographic technique on diagnosis which, in our
previous paper, we showed was considerable. We
-did not explore this question in our present experi-
ment but we have considerable further experience
in our routine work of the serious influence of
changes in radiographic technique. Two films of
the same man on the same day, taken with different
techniques, can lead to opinions differing by one
category or occasionally by two categories even
when consultative reading with standards is used.
We can only emphasize that for accurate radio-

graphic diagnosis it is essential that films should
only be used which are of first-class standardized
technique, such as that recently recommended by
the Medical Research Council (1950).

Summary
An experiment was designed to test the value of

"standard films" in the quantitative classification
of radiographs of simple pneumoconiosis of coal-
workers, the standard films being examples of the
limits of the categories and used in side-by-side
comparison with the films to be classified.
The experiment fell into two main parts. In the

first, experienced readers from the Pneumoconiosis
Research Unit took part; in the second, members
of the pneumoconiosis medical panels, and in a
subsequent extension, observers who had no previous
experience of the method of classification.
We have no evidence that increased precision in

the verbal descriptions of the categories enabled
the observers to classify the films with any greater
agreement than had been found in an earlier experi-
ment with less precise definitions.
The use of standards enabled some, but not all

of the observers to achieve a greater accuracy and
consistency in classification. The least experienced
observers benefited most, but they tended to make
false diagnoses of abnormality in normal films
when,working with standards.. On the other hand,
the more experienced readers received greater help
in the discrimination of normal films from those
with slight abnormality, than in the classification
of the more abnormal films. This finding is
discussed.
The greatest consistency was achieved by four

experienced observers reading in consultation with
standard films and their classification agreed very
closely with the standard categories derived from
averaging the opinions of all the observers.
The chief practical use of standard films appears

to be to enable wholly inexperienced observers to
use a radiographic classification with an accuracy
approaching that of the more experienced observers.

It is suggested that in routine work films should
be read by at least two observers on two independent
occasions, the films on which the two opinions
differ being given a third and deciding reading.
Only films of first-class radiographic technique can
be used for accurate diagnosis.

We should like to thank all the observers who helped
us in this experiment -and also Dr. C. L. Sutherland,
Chief Medical Officer of the Pneumoconiosis Medical
Board of the Ministry of National Insurance, for
agreeing to the collaboration of observers from the
pneumoconiosis medical panels.
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