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Rationale and Objectives. To investigate the variability between discriminative performances of readers as a function of
average performance levels during receiver operating characteristic (ROC) studies.

Materials and Methods. Four subsets of cases from previously ascertained ROC rating data by 12 observers when detect-
ing interstitial disease and pneumothorax on posteroanterior chest films were selected for each abnormality and reanalyzed
to assess changes in “reader” variance component. The subsets were selected based on a prestudy subjective assessment
of the subtleness of depicted abnormality (positive cases) and the difficulty in determining its absence (negative cases).
Reader variance component was estimated using a bootstrap approach for each subset and the results were used to assess
a general relationship between variability and average performance level.

Results. The reader variance component decreased substantially (from 0.007704 to 0.000426), as expected, when the areas
under the ROC curves (AUC) for detecting pneumothoraces increased from 84% to 97%. On the other hand, reader vari-
ance component increased substantially (from 0.000890 to 0.005181) when AUC for detecting interstitial disease increased
from 59% to 87%. The large magnitude of and changes in the reader variance component resulted in a consistent non-
monotone relationship as a function of AUC when other related variance components were included in additon to the
reader component.

Conclusion. Among several factors affecting generalizability of ROC results to the population of readers, the reader vari-
ance component depended nonmonotonically on the average diagnostic performance and is lowest at both very high and
very low levels of performance.
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Observer performance studies in general and receiver
operating characteristic (ROC) type studies in particu-
lar are becoming increasingly important in technology

and practice assessments. Such studies are now rou-
tinely used in a variety of investigations including but
not limited to the regulatory approval process (1). Re-
cent developments of analytical tools to assess variance
components during ROC studies enable one to gain
better understanding of the underlying parameters that
affect evaluation of diagnostic systems. One important
aspect of these studies is an assessment of the effect of
cases and readers on the variability of the measure of
interest. Better understanding of the variance compo-
nents and, perhaps as important, changes in variance
components as a function of performance levels (eg,
area under the ROC curve [AUC]), may improve our
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ability to generate more generalizable inferences as a
result of these studies (2– 4). Such investigations may
also improve our understanding of some of the limitations
associated with observer performance studies (5).

For planning an efficient ROC study, it is frequently
important to take into consideration the average diagnos-
tic performance. For example, it has been shown that in
general the differences in performance between diagnostic
systems are magnified in absolute terms by selecting more
difficult cases (6,7). Consequently, phase II (challenge)
assessments of diagnostic systems were recommended to
be performed with a case mix that would result in the
average diagnostic performance as measured by the AUC
of approximately 0.75. However, because increase in dif-
ficulty often results in an increase in variance “under a
fixed reader or reader-free setting” (eg, case and mode
related), statistical power is not necessarily gained by the
use of exceedingly difficult cases. Thus, in planning a
study and interpreting the results, it may be important to
know the relationship, if any, between variance compo-
nents and the case mix with the structure of the case pop-
ulation. The issue of generalizability to the population of
readers might look similar in nature to the generalizability
to the population of cases; however, in most studies, the
number of readers is relatively small making inferences
regarding generalizability of the result even more depen-
dent upon the magnitude of the between reader variabil-
ity. In this article, we highlight a potentially important
difference regarding generalizability to the population of
readers.

We present here an analysis of the estimated “reader”
component of the AUC variance for two abnormalities as
a function of the absolute performance level measured by
the average AUC in a large observer performance study
when performance levels ranged from extremely high to
extremely low.

MATERIALS AND METHODS

Original Studies
We focus our analysis in this article on a subset of the

data ascertained during two prior multimode, multiabnor-
mality observer performance studies that involved the
detection of several abnormalities on the same set of pos-
teroanterior (PA) chest images presented at different reso-
lutions (8,9). The original studies were performed several
years previously as part of our general effort to under-
stand many aspects of the transition to a digital environ-

ment in radiology. In one study, we assessed the effect of
data compression on observer performance (8), whereas
in the other study we assessed the combined effects of
luminance of the display and image resolution on ob-
server performance (9).

Because the details of the studies have been described
elsewhere, we present here only a brief overview. In the
first study, 529 PA chest images were read by six readers
under each of eight different reading modes. These modes
included JPEG compressed images at five different levels
and presented on laser printed films at one resolution of
100 �m per pixel and in three modes of noncompressed
images presented on laser printed films at low (400 �m),
medium (200 �m), and high (100 �m) resolutions. In the
second study, six different readers read the same 529 PA
chest images laser printed and displayed at three different
levels of luminance (low, medium, and high, representing
different luminance levels expected to be found in radiol-
ogy reading rooms, at the time) and at three different lev-
els of resolution as in the first study (100, 200, and 400
�m per pixel), resulting in a total of nine different modes.
In both studies, each reader scored the image by using a
“continuous” rating scale (0–100) to estimate the likeli-
hood of the presence or absence of each of five specific
abnormalities. The abnormalities investigated were intersti-
tial disease, nodule, pneumothorax, alveolar infiltrate, and rib
fracture. Estimates of the AUCs were calculated for each
abnormality, reader, and mode in both studies (8,9).

Three of the modes in the two studies described were
identical (low-, medium-, and high-resolution laser-printed
images displayed at the same “high” luminance) involving
the same set of 529 chest images and using the same rat-
ing scale, making it possible to combine the ROC ratings
from both studies resulting in a single data set of ROC
ratings with 12 readers. All 12 readers were Board-certi-
fied radiologists with substantial, albeit varying, experi-
ence in interpreting PA chest images. For the purposes of
this study, we used the rating data ascertained during the
interpretation of 529 chest images evaluated for the pres-
ence of two abnormalities (interstitial disease and pneu-
mothorax) at high and low resolution and displayed at
high luminance.

During the case selection process of the 529 chest im-
ages each positive finding was rated by experienced ob-
servers who were provided with the verified “truth” and
all other support documentation as “typical” or “subtle”
for the detection of the abnormality of interest. Corre-
spondingly, examinations negative for specific abnormali-
ties were rated as “easy” (also termed here typical) or
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