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rln investigation was carried ant to show whether lay readers could be trained 
to interpret chest radiographs for coal workers’ pnenmoconiosis. It was shown, first? 
that lay readers can he trained for this purpose, and second, that they are no more 
prone to interobser\-er variation than are physicians. Onw again, the extent of the 
interobserver variation among espcriencetl readers in the categorization of the films 
for coal workers’ pnenmoconiosis \vas shown to he greater than is commonly realized. 

Necessary for the diagnosis of coal workers’ pneumoconiosis (CWP) are a 

history of exposure to coal dust and certain relatively distinctive features in the 
chest radiograph. The severity of the condition is assessed by the extent. pro- 
fusion and character of the opacities that are present in the chest film. Thus, the 

chest radiograph is universnlly accepted as the sole prkwtical method of diag- 
nosing the condition during life. Moreover, the lneasurement of progression in 

C\;IIP depends ou a comparison of chest films taken at intervals. The validity 
for the radiographic classification of C\VP relates to the fact that there is n linear 

relationship betjveen the coal dust content of the lungs and radiographic category 
(Rossiter, 1972). Furthermore, since the passqe of the 1969 Federal Coal Mine 

Health and Safety Act, miners with category 2 or more C\\‘P ha1.e the right to 

transfer to an nrea of the mine where the respirable dust is below 2 mg/nl ‘. It 
should, therefore, be apparent that the chest radiogrnph is of critical importance 
in the diagnosis, investigation, and prevention of C\VP. 

Because of the importance of the chest filnl in the field of occupational respirn- 
tory disease, it is often assumed that the interpretation of I”‘cuilloco”iosis requires 
long experience, great sagacity, and extraordinary intellectual abilities. The ideal 
interpreter is ;wumed to hwe the wisdonl of Solomon, to be as observant :ultl ;IS 
logical as Sherlock Holmes, and to show as fine an appreciation of shadows and 
tones as Albrecht Diirer. The mystique concerning radiographic iutcrpretation 
of pneumoconiosis persists despite the repe:lted denlonstration of marked inter- 

and intraobscrver variation (Fletcher and Oldhnul, 1949; Reger and hlorg:\n, 
1970). In reality, the categorization of pllelumoconiosis depends on guessin<, or 
in putting it more euphen~istically, estimating the number of dots or op:lcities 
present ou a chest film. Moreover, it is a task accompauicd by more th:In its fair 
share of tedium. We, therefore, decided to see whether lay persouuel could be 
trained to read chest fillns for p”eumoconiosis. 
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MATERIALS AND METHODS 

The chest radiographs used in this study were a sample of those in the Inter- 
agency Study of C\VP. In 1969 the U. S. Public Health Service and the Bureau 
of Miues of the Department of the Interior conmenced a large epidemiological 
study of the prevalence and progression of CWP in U. S. coal miners. Thirty-one 
nlinc~a in widely different regions \vere selected for inclllsion in the study. Each 
miner employed at these 31 mines was offered a medical examination consisting 

of posteroanterior and lateral chest fihns, and some simple tests of pulnionary 

function (Seaton et al.. 1973). TI w medical examinations will be repeated at 3- 

ant1 then Fj-war inter\&. 
The rad&raphs taken in this study were indepel&ntly interpreted by three 

readers using the UICC classification ( UlCC committee. 1970). All were physi- 

cinits and all had long experience in classifyin g and interpreting chest films for 

p]lell~““coniosis. In regard to major categories, ~xu~wly. 1, 2, and 3 simple CWP 
awl stages A. B, and C complicated plleumoconiosis, a consensus reading was 

accepted. In the occasional event when all disagreed (less than S% of the films), 
a follrth reader was enlisted and consensus thus obtained. 

Two lay readers. one a secretary and the other an S-ray technician, were 
trained by one of the three physician readers (\T’KChl). After 2-3 months prac- 
tice. during which time they simultaneously but indepeudently categorized all 

films being interpreted by their instructor, they were asked to independently 
catc~gorizc? a11 the chest radiographs from sewn ,4ppalachian coal mints. Both 
la!. readers referred to standard fihns \vhilc they were interpreting the films. No 

attempt was made to train them to recognize conditions other than pneumo- 
coniosis. their sole purpose being to assess the extent. profusion, and size of the 
large and small opacities present on the film. 

The UICC classification of pneumoconiosis is based 011 Liddell’s elaboration 
of the Internatiounl Labour Organization’s Classification ( Liddell and May, 
1966). In this classification, all categories are expressed as two digits separated 

1)~ a stroke, e.g., 2/l. The first of the two digits represents the major category in 
I\-hich the fihri was placed while the second represents the category that was also 
ccmsitlcwd but rejected. Thus. category l/2 is a film that was placed in category 

1 but itr which catcgoq J 2 was also considered; in contrast, category 2/2 means 
that no other category was considered. The usual four-point scale (0, 1, 2, and 3) 
is thcrcby extended to 12 points, O/-, O/O, O/l, l/O, l/l, l/2, 2/l, 2/2, 2/3, 3/2, 
3/3. 3/4. It is assumed that the readings represent stages on a continuum that 

starts with no pulmonary dust deposition and ends with maximal dust depositiolr. 
The three professional readers categorized 1471 chest radiographs. The lay 

readers interpreted 1,466 and 1,465 chest films, respectively, since around half-a- 
dozc%n films had been loaned to physicialts iu order to help in the diagnosis and 
follmv up of l~olroccupatio]~aIly related chest collditions. 

RESULTS 

Before delving deeply into the extent of interobserver variation of the profes- 
sional and lay readers involved in this study, it is informative to first obtain some 
generlrl idea of the number of radiographs placed in each category by each of the 
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FIG. 1. Categorization of 1471 films by various readers. 

five readers. The pertiwnt data arc sho~~n ill Fig. 1. It is ilnmediately apparent 

that the three physician readers varied greatly among themselves. The rcsem- 
blance of the two lay renders to their trainer (I’::) is almost as striking. At first 

sight it seems that the two lav readers agreed closely with the consens~~s. This 
impression is somewhat misleadiiq rind does not necessarily mean that the lag 
readers were in agreement with the consensus more often than the professional 

renders. In actuality, as will become evident Inter. the lay renders qreecl with the 
consensus less frequently than did the three physician readers. 

The percentage agreelnelrt in regard to what constitutes a positive and negative 
film for the lay and professional readers is shmvn in Table 1. All readers are com- 

pared to each other and to the consensus. The lack of unanimity betwten the 
professional readers is obvious; while I’, and I’:: agreed 72% of the time, P, and P, 
agreed only 5% of the time. At first sight these differences seem excessive. until 
it is renieinl~ered that the majority of films used iii this study \vere read by 

virtually all the readers as either category 0 or category 1, and that the difference 
between positivity and negativity may be one slllxategory, viz., the difference 
betwecn :I reading of O/l and l/O. It nest also be lmrne in mind that the reln- 
tively high measure of agreement bet\veen P:; and the consensus is a function of 

the fact that he “reads” in the middle of the other two. 
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A “trainer effect” on the lay readers is evident from the data. They agreed 
with their trainer i3 and 74%, respectively, as to positive and negative films. 
Furthermore, the lay readers agreed among themselves on seven out of 10 
occasions. 

A$pzen~ent in Regard to Major Categories 

Table 2 shows that when major categories of simple CWP are considered, 
all two-way contrasts are slightly Iower than those in which positivity and nega- 
tivity only were considered. This is to be expected since the subdivision of all 
positive films into their various categories allows more opportunity for a diver- 
gence of opinion. The data, nonetheless, reflect very similar findings to those 
included in Table 1. The extent of the divergence between the professional 
readers is appreciable, and again P, is closer to the consensus than the other 
professionals. A significantly higher measure of agreement exists between the 
lay readers and P,, in contrast to the lay readers and I’, and P,. Again the influ- 
euce of P:, as a trainer is evident. It is noteworthy that agreement was present 
between the Iay readers and P, and P, as often, and in one instance, more often, 
than it was between the three professionals. 

The lack of agreement between the lay readers and the cousensus category is 
outwardly a little surprising. Part of the explanation lies in the fact that lay 
readers did not participate in the original readings from which the consensus was 
derived. In addition, a more subtle consideration has to be taken into account. 
When all the interrelationships between readers are considered relative to the 
consensus, a situation may result which tends to obscure the true facts. For ex- 
ample, although L, and P, place almost the same proportion of films in category 
0. and ahhough both agree closely in this regard with the consensus, they need 
not necessarily be in agreement about the same films. Thus, some of the films 
that I,, calls category 0 are interpreted as category 1 by P::, while in a roughly 
equal number the converse is true. The net result is that although both place 
roughly the same proportion of film in category 0, they are not necessarily the 
same films. Similarly, while L, and P.: might agree about a certain film, the con- 
SCIISUS interpretation might agree with neither. Alternatively, while L, might 
a<gree with the consensus, Pn might not. If these agreements and disagreements 
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occur inopportunely as described above, they tend to exaggerate the differences 
between the consensus verdict and the lay readers. 

Agreement in Regard to Minor Categories of CWP 

A subsample of 588 films was used in this analysis. On the basis of the data 
from Tables 1 and 2, we were surprised that any agreement at all resulted when 
using the full 12-point scale of the UICC classification. 

Surprisingly and gratifyingly, the lay readers agreed with their trainer (P.:) 
more than 4OY of the time. The proportion of times they agreed with the other 
two expert panel members was significantly lower (Table 3). Moreover, the per- 
centage of agreement between the professional panel members was indeed low. 
In general, these data are merely an extension of Table 2 and are of little im- 
portance except that they show the same general pattern of extreme variability. 

Rather than considering disparities between readers in terms of major and 
minor categories of CWP, a different and it is felt more realistic approach would 
be to compare the readers according to the degree of divergence that might be 
expected; thus. a difference of one subcategory either up or down the scale 
would seem a reasonable and indeed acceptable difference. For example, if I’., 
reads a film as 2/I, then I/2 and 212 would be considered as acceptable readings. 
Using this approach, the 12-point scale is reduced to a sliding 4-point scale which, 
in many instances, bridges the gap between categories, i.e., O/l to l/O, l/2 to 2/l. 
etc. 

When this approach is used, the variability between readers decreases (Table 
4). Note that although the same general pattern exists in the two-way contrasts 
presented, an acceptable measure of agreement is present much more often. 
In only two instances, viz., L, vs P,, and P, vs P,, was agreement lower than 
anticipated. 
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-Agreement in Regard to Complicated Pneumoconiosis 

Less of an effort was made to teach the lay readers how to assess complicated 
pneumoconiosis since it is felt that the differential diagnosis of larger opacities 
requires a more sophisticated medical background. The number of films classified 
by each of the readers is shown in Table 5. The reason why L, read appreciably 
more complicated pneumoconiosis than all the other readers other than P,, is 
related to the fact that many of the large opacities which she observed were 
probably nonpneumoconiotic and were produced by other conditions such as 
tuberculosis or pleural thickening. In addition the fact that she was a trained 
S-ray technician with some knowledge of radiology may have an effect on her 
performance. The slightly lower number of subjects diagnosed by L2 as having 
complicated pneumoconiosis is a consequence of her failing to recognize the ill- 
defined type of complicated pneumoconiosis. 

UISCUSSION 

For reasons given earlier, the categorization of the chest radiograph for 
pneumoconiosis is still critical in the prevention of industrial pulmonary disease. 
It is important, nevertheless, to realize the limitations of chest radiography and 
r\.en more importantly to the limitations of those who interpret the chest film. 
The belief that all radiographs fall neatly into a particular category is widespread 
among radiologists and almost universal among the legal fraternity. 

For the chest radiograph to continue to serve a useful function in the diagnosis 
~1~1 prevention of CWP necessitates the acceptance of the fact that all films fall 
OII a continuum from no dust in the lungs to maximal dust, whatever that might 
1~. Although a group of physicians may arbitrarily designate a series of films as 
standards, this is a subjective exercise and no other chest film will ever exactly 
correspond to any of the standards. At the best, all that can be hoped for is for 
the interpreter to make, between the standard and unknown radiograph, a rea- 
sonably close approximation in appearance, and hence in coal dust content. If the 
ahsolute approach to categorization is discarded, viz., the 1)elief that an unknown 
chest radiograph can fit into one category only. the statistical (or epidenliological) 
approach substituted. the radiograph remains a most useful investigation of the 
plllmonary status of workers esposcd to a lrariety of harmful dusts. 
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TO be compelled to sit and categorize between 100-300 chest films a day is 
tedious in the extreme. Notwithstanding the tedium, it is obviously imperative 
that at least one physician should screen the fihns for significant disease other 
than CWP. However, the usual routine for most epidemiological studies is for 
at least three or four physicians to independently read the films so that the 
“maximal” accuracy is obtained and a majority verdict is available. If agreement 
cannot be reached by means of a majority verdict, a conference between the 

readers is held and a decision forced. The latter, assumed by many to be the 
most scientific approach, in reality results in the most opinionated and dogmatic 
person prevailing. Because of the abo\~ arguments, we decided to see whether 
it was possible to train lay persomrel to categorize radiographs for CWP. Lay 
readers have many advantages over their professional colleagues, viz., they are 
more flexible and less set in their ways, they are more likely to report what they 
see rather than “to interpret” what they see, and finally they are less likely to 
become bored and hence are less likely to let their attention wander. 

The results of this study show that lay readers can be trained to classify 
pneumoconiosis; moreover, their variability is no worse than is that of physician 
interpreters. The marked interobserver variation that has been revealed in this 
study among experienced readers is not a new observation; however, the extent 
of the problem is seldom appreciated. Since so much depends on the “accurate” 
interpretation of the chest radiograph, every effort should be made to limit 
interobserver variation, This can best lx effected by testing the interpreters at 
periodic intervals against a set of standard films. The latter should include at 
least 150 radiographs and should include all categories of pneumoconiosis brlt 
with the greatest proportion in the range O/ 1 to 2/ 1. Readers who deviate sig- 
nificantly from the standards or who sho\v appreciable intraobserver variation 
should not be used. In orn experience, intrarcader variability for our professional 
readers is surprisingly small. They have lIeen remarkably consistent in attaching 
the same diagnosis to the same film on repeat trials. As yet, this concept has not 
been tested using lay readers hut we have no reason to believe that they will 
differ. 

Bearing in mind that the Federal Coal Mine Health and Safety Act makes 
available to every coal miner in the U. S. serial chest radio,graphs at no charge 
and that there are an cstimatcd 180.000 coal miners, it is apparent that the 
interpretation of these films is n major undertaking. The magnitude of the 
problem becomes even greater when it is realized that a series of films on the 
same man have to be compared in order to assess progression. Thus. we put 
forward the proposition that a srrbstantial proportion of the chores of routine 
interpretation for determining p regression could be taken over by lay readers. 
\Ve do not expect this proposal to be popular with all sections of the medical 
community. in particular those who believe the radiographic categorization of 
C\VP is accurate, objective, and alxolnte, however, vve would call their attention 
to Alexander Pope’s couplet: 

To observations which ourselves we make, 
‘\17r grow more partial for th’ obser\,er’s sake. 
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