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Abstract
Rationale and Objectives—To examine the effects of the number of categories in the rating scale
used in an observer experiment on the results of ROC analysis by a simulation study.

Materials and Methods—We have previously evaluated the effects of computer-aided diagnosis
(CAD) on radiologists’ characterization of malignant and benign breast masses in serial
mammograms. The evaluation of the likelihood of malignancy was performed on a quasi-continuous
(0-100 points) confidence-rating scale. In this study, we simulated the use of discrete confidence-
rating scales with fewer number of categories and analyzed the results with receiver operating
characteristic (ROC) methodology. The observers’ estimates of the likelihood of malignancy were
also mapped to BI-RADS assessments with 5 and 7 categories and ROC analysis was performed.
The area under the ROC curve and the partial area index obtained from ROC analysis of the different
confidence-rating scales were compared.

Results—The fitted ROC curves and the performance indices do not change significantly when the
confidence-rating scales were varied from 6 to 101 points if the estimated operating points obtained
directly from the data are distributed relatively evenly over the entire range of true-positive fraction
(TPF) and false-positive fraction (FPF). The mapping of the likelihood of malignancy observer data
to the 7-category BI-RADS assessment scale allowed reliable ROC analysis, whereas mapping to
the 5-category BI-RADS scale could cause erratic ROC curve fitting because of the lack of operating
points in the mid-range or failure in ROC curve fitting because of data degeneration for some
observers.

Conclusion—ROC analysis of discrete confidence rating scales with few but relatively evenly
distributed data points over the entire FPF and TPF range is comparable to that of a quasi-continuous
rating scale. However, ROC analysis of discrete confidence rating scales with few and unevenly
distributed data points may cause unreliable estimations.
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INTRODUCTION
The effect of using quasi-continuous or discrete confidence rating scales on the results of
receiver operating characteristic (ROC) observer study has been studied by a number of
researchers. Rockette et al (1) carried out an observer experiment using both 5-point discrete
scale and a quasi-continuous 100-point scale. The results of ROC analysis showed no
statistically significant difference between the performance index Az achieved with the two
scales. However, they suggested that the use of quasi-continuous scale can be more reliable
for ROC analysis because it can avoid the problem of “degenerate” data sets.

King et al(2) performed an observer study to estimate the likelihood of the presence of
abnormality on chest images using a quasi-continuous scale. Then they mapped the quasi-
continuous observer ratings to a 5-point rating scale using two different sets of criteria for
determining the range of each category and used ROC methodology to analyze the results.
They concluded that the diagnostic accuracy derived from the quasi-continuous rating data are
insensitive to the particular way those data are mapped to discrete categories. They also
suggested that the use of a quasi-continuous scale is better in observer studies because of the
insensitivity of the mapping to discrete categories and the reduced likelihood of “degenerate”
data.

Wagner et al(3) performed a Monte Carlo simulation study of multiple-reader, multiple-case
ROC experiments to evaluate the data quantization effects. They concluded that the
discretization to five categories can reduce the precision of ROC measurements, in comparison
to that obtained from continuous scale.

Berbaum et al (4) suggested that quasi-continuous 101-point scale ratings fitted with a standard
binormal model may sometimes yield inappropriate chance line crossings, reducing the
statistical power to detect the differences between two experimental conditions. They
concluded that the use of proper ROC models with the discrete confidence rating data may
present better results, however, they stressed that this should be investigated further.

We have previously studied radiologists’ performance of characterizing malignant and benign
masses in single-view serial mammograms with and without CAD (5,6) using ROC
methodology. The observers’ estimate of the likelihood of malignancy (LM) of the lesions was
collected on a quasi-continuous 101-point confidence-rating scale. In this experiment the
observers recorded their own ratings using a slide bar on a computer user interface. In another
ROC observer study, we compared stereoscopic and monoscopic viewing of breast tissue
specimen radiographs for characterization of malignant and benign lesions. The radiologists
were asked to verbally provide an estimate of the LM for each lesion on a quasi-continuous
101-point confidence-rating scale while a research assistant help record the LM estimate on a
slide bar.

In this study, we examined the effects of the number of categories in the rating scale used in
an ROC experiment on the results of ROC analysis by a simulation study. The observer rating
data collected from the CAD mass characterization experiment were used as examples. We
simulated the use of discrete confidence-rating scales with a small number of categories and
also performed the mapping of the LM estimates to simulated BI-RADS assessments. We
compared the performance indices and statistical significance obtained with ROC analysis for
the different confidence-rating scales. In addition we analyzed the distribution of the
radiologists’ ratings for both observer experiments (CAD mass characterization and
comparison of stereoscopic viewing to monoscopic viewing) in order to study the radiologists’
“internal” confidence ratings scale, which they use when evaluate the cases in the observer
studies.

Hadjiiski et al. Page 2

Acad Radiol. Author manuscript; available in PMC 2010 November 9.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



MATERIALS AND METHODS
Single-view temporal pairs observer experiment

In our previous observer study of radiologists’ performance for characterization of
mammographic masses on serial mammograms with and without a CAD system (6), 253
temporal image pairs (138 malignant and 115 benign) containing masses on serial
mammograms from 96 patients were used. All cases were biopsy-proven. The data collection
protocol had been approved by our Institutional Review Board. Patient informed consent was
waived for this retrospective study. The interval change of a mass on a corresponding temporal
pair was analyzed by our CAD system. The CAD system achieved a test Az value of 0.87 for
the data set. The radiologists assessed the masses on the temporal pairs and provided estimates
of the LM and BI-RADS assessments. The LM estimates were provided on a quasi-continuous
confidence-rating scale of 0 to 100 (0=negative, 1=high likelihood of benignity, 100=high
likelihood of malignancy). The BI-RADS assessments were made on a scale 1 to 5
(1=Negative, 2=Benign, 3=Probably Benign, 4=Suspicious, 5=Highly Suggestive) (7).

The radiologists interpreted the images in two reading conditions. The first reading condition
is referred to as the “independent” mode, in which the radiologist read the masses without
computer aid. The second reading condition is referred to as the “sequential” mode (8), in
which the radiologist initially read a temporal pair without computer aid, followed by reading
the same pair with computer aid. The computer would first record the radiologist's rating
without computer aid before displaying the computer rating of the mass. The radiologist's final
rating occurred after taking into consideration the computer rating. For simplicity of
presentation we will consider that there were a total of three modes from the above two reading
conditions: independent mode, sequential mode without CAD, and sequential mode with CAD.

Eight Mammography Quality Standards Act (MQSA) radiologists and 2 breast-imaging
fellows participated in the observer performance study. For simplicity, we refer them as 10
radiologists in the following discussions.

Mapping of quasi-continuous LM ratings to discrete confidence-rating scales
In the current study the radiologists’ quasi-continuous LM ratings from the three reading modes
(independent mode, sequential mode without CAD, and sequential mode with CAD) were
mapped to three discrete confidence-rating scales with reduced numbers of possible categories
by uniformly binning the adjacent ratings into bins of equal width. The three discrete rating
scales used were 1 to 5, 1 to 10, and 1 to 20. The mapping was performed by separating the
category 0 (negative) in an additional category 0 for all of the three discrete rating scales.

ROC analysis of BI-RADS assessments
To study the curve fitting properties and performance of the ROC methodology for observer
data with a limited number of categories, ROC analyses of the 5-point BI-RADS assessments
for the ten observers and the three reading modes were also performed. The results were
compared to the results from the quasi-continuous and discrete confidence-rating scales for
LM.

Mapping of quasi-continuous LM ratings to BI-RADS assessment
We also performed a mapping from the LM estimates to simulated BI-RADS assessments.
Three different methods were used to map the LM estimates, as listed in Table 1. The first one
mapped the quasi-continuous LM ratings [0 to 100] to the simulated BI-RADS categories as
follows: [0] to 1; [1, 2] to 3; [3, 70] to 4; and [71, 100] to 5. This mapping was defined by an
experienced MQSA-radiologist in our institution to relate the LM ratings and BI-RADS
assessments before the current scale of BI-RADS assessments with defined ranges of LM was
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published. This mapping will be referred to as BI-RADS(r5) in the following discussion. The
second mapping of LM follows the definition of ACR breast imaging lexicon 2003 (9) for the
relation between the LM and the 5-category assessments as follows: [0] to 1; [1, 2] to 3; [3,
94] to 4; and [95, 100] to 5. This mapping will be referred to as BI-RADS(5). The third mapping
of LM also follows the definition of ACR breast imaging lexicon 2003 (9) for the relation
between the LM and BI-RADS with the three additional subcategories for category 4: [0] to
1; [1, 2] to 3; [3, 34] to 4; [35, 65] to 5; [66, 94] to 6; and [95, 100] to 7. It will be referred to
as BI-RADS(7).

Stereomammography-observer experiment
The stereomammography observer experiment (10) was used as a second example to illustrate
the confidence rating scale the radiologists actually use, which may be considered the
radiologists’ “internal” rating scale. In this experiment, monoscopic and stereoscopic images
were acquired for 158 breast tissue specimens. The data collection protocol had been approved
by our Institutional Review Board. Patient informed consent was waived for this retrospective
study. Two views were taken for each specimen. Forty percent of the specimens contained
malignancy and the other contained benign or normal tissue. A sequential design was used for
the observer reading. Initially the radiologist evaluated the biopsy specimen on a single image
(mono mode) and provided an estimate of LM. The radiologist then read the specimen on a
stereoscopic image pair (stereo mode). The observers were free to change their LM ratings
after reading the stereoscopic images. The radiologists were asked to provide the LM estimates
on a quasi-continuous confidence-rating scale of 0 to 100. The observers verbally reported
their estimates to a research assistant, who then recorded the ratings with the help of a computer
interface. This was a different way to collect observer data than the previous study. In this case
the radiologist directly reported a numerical value without involving the uncertainty of marking
the rating themselves on a slide bar. Five MQSA radiologists, who were a subgroup of the 8
MQSA-radiologists participating in the previous study, served as observers in this experiment.

Statistical Analysis
The radiologists’ classification accuracy based on the confidence-rating scales was analyzed
by the Dorfman-Berbaum-Metz (DBM) multi-reader multi-case (MRMC) methodology (11).
In DBM analysis the ROC curve was derived from latent binormal distributions fitted to the
observer ratings by maximum likelihood estimation. The area under the ROC curve, Az, was
provided by the DBM program. We also derived the partial area index, Az

(0.9), (12) above a
sensitivity threshold of 0.9 as an additional performance index. The statistical significance of
the difference in Az between the different reading conditions was estimated by the DBM
analysis and that for Az

(0.9) by the Student's two-tailed paired t-test.

RESULTS
Mapping of quasi-continuous LM ratings to discrete confidence-rating scales

For the ten radiologists, the average Az in estimating the likelihood of malignancy for the 6,
11, 21 and 101-category confidence rating scales was 0.787, 0.786, 0.787, and 0.787,
respectively (Table 2) for the independent reading mode without CAD. The observers’ Az
improved to 0.847, 0.844, 0.844, and 0.843, respectively, with CAD. The improvement was
statistically significant (p=0.008, 0.011, 0.008, and 0.005 respectively) for each of the
confidence rating scales. The corresponding average Az results for the sequential mode without
CAD are also presented in Table 2. The corresponding standard deviations for the observers’
average Az are presented in Table 3. For the three reading modes the standard deviations had
a slightly increasing trend when the number of categories in the confidence rating scales
decreased. However, the difference between the lowest and largest standard deviations was
very small, only about one-tenth of the values of the standard deviation themselves. The
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corresponding average partial area index for the four confidence rating scales without CAD
was 0.193, 0.203, 0.205, and 0.206, respectively (Table 4). With CAD the partial area index
was improved to 0.388, 0.371, 0.371, and 0.366, respectively. The improvement was also
statistically significant for all of the confidence rating scales (p=0.009, 0.006, 0.004, and 0.005,
respectively, Student's paired t-test). The corresponding average partial area index results for
the sequential mode without CAD are presented in Table 4. For each of the three reading modes
the differences in the Az values between any two of the 6, 11, 21 and 101-category confidence
rating scales were not statistically significant (p>0.5). Similar results were observed for
Az

(0.9).

The distributions of the LM ratings for the 10 radiologists and the independent reading mode
as well as the sequential reading mode with CAD are shown in Figures 1 and 2. Both histograms
show distinctive peaks at the multiple of 10's and 5's with few counts in between. The
distribution of the LM ratings for the 10 radiologists and the independent sequential reading
mode without CAD (not shown in the manuscript) reveals similar pattern as the distributions
shown in Figures 1 and 2. For all modes below 5% LM the radiologists used 1% increment
more frequently, likely because the BI-RADS assessment sets the cutoff point between BI-
RADS category 3 and 4 at an LM of 2%.

ROC analysis of BI-RADS assessments
The MRMC analyses of the BI-RADS assessments for the 10 radiologists and for the three
reading modes are summarized in Table 5 and Table 6. The average area under ROC curve
Az, was 0.770, 0.820 and 0.851 for the independent mode, sequential mode without CAD, and
sequential mode with CAD, respectively. The improvement for the sequential mode with CAD
compared to independent mode was statistically significant (p=0.0432). The improvement for
the sequential mode with CAD compared to sequential mode without CAD approached
significance (p=0.0522).

Mapping of quasi-continuous LM ratings to BI-RADS assessments
The average Az values resulting from the different reading modes for the two types of mapping
from the LM to the BI-RADS assessment categories, BI-RADS(r5) and BI-RADS(7), are
shown in Tables 5 and 6. The Az results for the individual radiologists obtained from the
different rating scales in the sequential mode with CAD are shown in Table 6. The sequential
mode with CAD was selected as an example to be discussed in more details because it is a
typical representation of the mapping results for the 3 reading modes.

The MRMC analysis of the LM(101) mapping to the BI-RADS(r5) resulted in Az of 0.769,
0.789 and 0.806 for the independent mode, sequential mode without CAD, and sequential mode
with CAD, respectively. With this simulated rating scale, there was no statistically significant
improvement between any of the reading modes (p>0.05) (Table 5).

The MRMC analysis of the LM(101) mapping to the BI-RADS based on ACR breast imaging
lexicon with 5 categories (BI-RADS(5)) was successful for only 8 of the radiologists (Table
6). MRMC did not converge for two of the radiologists due to “degenerate” data (13). For this
reason, BI-RADS(5) was not included in Table 5. The difference in the Az values between the
LM(101) and the simulated BI-RADS(5) for the 8 radiologists was the largest compared to the
other mappings among the 3 reading modes.

The results for the additional mapping of LM to the BI-RADS categories based on the current
ACR breast imaging lexicon with the three additional subcategories for category 4 (total of 7
categories, BI-RADS(7)) are shown in Tables 5 and 6. The average Az for the independent
mode, sequential mode without CAD, and sequential mode with CAD were 0.782, 0.810 and

Hadjiiski et al. Page 5

Acad Radiol. Author manuscript; available in PMC 2010 November 9.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



0.843, respectively (Table 5). The improvement between the independent mode and the
sequential mode with CAD was statistically significant (p=0.0094). The improvement between
the sequential mode without CAD and the sequential mode with CAD was also statistically
significant (p=0.0013). The difference in the Az values between LM(101) and the simulated
BI-RADS(7) for the 10 radiologists was the smallest among all mappings to BI-RADS
categories.

The Az results for some of the radiologists differed substantially among the different mappings.
One such case is Radiologist 9 for the sequential mode with CAD (Table 6). The ROC curves
for the simulated and true BI-RADS assessments for Radiologist 9 are shown in Figures 3–5.
Figure 3 compared the ROC curves for the simulated assessments BI-RADS(5), BI-RADS(r5)
and BI-RADS(7). There is a large difference between the corresponding curves for BI-RADS
(5) and BI-RADS(r5) with Az values of 0.953 and 0.689, respectively. The data points used as
input to the ROC curve fitting program are also shown. Data points are missing in the middle
range of false-positive fraction (FPF) and true-positive fraction (TPF) for both curves. The
difference in the fitted ROC curves is caused by an additional data point in the case of BI-
RADS(r5) at low FPF and TPF values. For the BI-RADS(5) data points of Radiologist 9 there
are no LM ratings mapped to category 5 due to the broad LM range (3%-94%) of category 4.

There is also a large difference between the BI-RADS(5) and the BI-RADS(7) ROC curves
(Az values of 0.953 and 0.798, respectively) shown in Figure 3. Two additional data points are
present in the middle range of FPF and TPF for BI-RADS(7) and the ROC curve fits well to
these points. The additional data points strongly impacted the fitted ROC curve and made it
very close to the curve fitted to the original LM(101) data (Az=0.828).

The ROC curves for the original BI-RADS assessments (Az=0.902) is plotted in Figure 4. A
data point is present in the middle range of FPF and TPF and the ROC curve fits well to this
point.

The ROC curves for all three simulated BI-RADS assessments, the simulated LM(6)
(Az=0.781) and the original LM(101) (Az=0.828) and BI-RADS assessments (Az=0.902) for
Radiologist 9 are compared in Figure 5. The ROC curve for the original BI-RADS assessment
was different from all three simulated BI-RADS assessments. It was closest to the simulated
BI-RADS(5). However, both curves were much higher than that for the simulated BI-RADS
(7) (Az=0.798). The ROC curve for BI-RADS(7) was closest to that for LM(6) (Az=0.781) and
that for LM(101).

Stereomammography-observer experiment
For the observer experiment comparing monoscopic and stereoscopic viewing of breast tissue
specimens, the Az for the LM was 0.70 for the mono mode and 0.72 for the stereo mode and
the difference was statistically significant (p=0.04). Detailed analysis of the results can be
found in the literature (10). The distributions of the LM ratings for all 5 radiologists are shown
in Figures 6 and 7 for the monoscopic and stereoscopic reading modes, respectively. For both
modes below 5% the radiologists used a finer increment of 1% because the BI-RADS
assessment sets a threshold of 2% LM between category 3 and 4. For the LM estimates above
5% there were very few ratings between the 5's and 10's. Another minor exception is at the
high end of the scale near 100%. Few radiologists rated a lesion with LM of 100%; instead, an
LM of 98% or 99% were used. The comparison of these histograms with those in the CAD
experiment illustrates the radiologists’ internal rating scale in contrast to the apparent rating
scale that involved uncertainties in recording the ratings with a slide bar.
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DISCUSSION
One important observation in our study was that in both observer experiments (temporal pair
CAD experiment and stereomammography experiment) the radiologists were reporting their
LM ratings mainly at the 5's and the 10's on the scale although the experiments were designed
to allow quasi-continuous 0 to 100 ratings. In the case of the temporal pair observer experiment
a non-negligible number of ratings between the 5's and 10's (Figures 1, 2) was observed. In
this experiment the radiologists used a cursor to move a slider to mark the ratings on the slide
bar themselves. For the stereomammography observer study the radiologists dictated the
estimated LM ratings to an assistant who was trained to record exactly the ratings provided by
the radiologists. In this case almost all the ratings were primarily at 10's and secondarily at 5's
on the scale (Figures 6-7), except for those below 5% and above 95%. This comparison
indicated that when the radiologists recorded data on a 101-point slide bar by themselves, the
LM ratings recorded between the 10's or the 5's were likely caused by uncertainties in placing
the slider rather than true LMs that the radiologists had in mind. The radiologists might not
deem it important to make corrections if the slider's marking was within a few percent of what
they intended. These “hand-jitters” are thus experimental artifacts rather than true variance in
the observers’ decision. This analysis provides strong evidence that the quasi-continuous rating
scale is practically only an 11- or 21-category scale because of the human observer's inability
to make estimates within a few percentage points. This is consistent with their subjective
opinion that they would not be able to make LM estimate better than about 10%.

The use of continuous and discrete confidence rating scales does not cause significant
differences in the ROC analysis of the observer study for assessing temporal change of masses
with and without CAD. More critical is the distribution of the data across the categories. If the
categorical data are distributed relatively evenly over the TPF and FPF range, as in the case of
mapping the likelihood of malignancy data collected on (0-100) scale to the uniform LM(6)
scale, it would allow more reliable fitting of the ROC curve. This would result in a small
difference between the two fitted ROC curves obtained from LM(101) and LM(6). However,
if very few categories are used and the categorical data are distributed unevenly, the fitted ROC
curves will differ substantially. This was the case for Radiologist 9, when the LM(101) was
mapped to BI-RADS(r5) and BI-RADS(5) (Fig. 3). The data were mapped to both ends of the
FPF and TPF ranges. The existence of an extra point in the case of BI-RADS(r5) changed
drastically the fitted ROC curve compared to that for BI-RADS(5).

An issue specifically related to mammography is the relationship between the LM scale and
the BI-RADS assessments. The LM ratings are not uniformly distributed over the BI-RADS
scale. Three categories (1-3) are assigned to LM below 2% and a wide range of LM ratings is
grouped into category 4. This can cause a large gap in the estimated operating points between
the low FPF and TPF range and the high FPF and TPF range and a lack of support operating
points in the middle range for some readers. The problem of missing ROC operating points for
a large range of FPF and TPF was investigated in greater details in (4). The modified category
4 with three sub-categories has improved the distribution of points. The fitted ROC curve for
BI-RADS(7) therefore was very close to those of LM(101) and LM(6).

We have demonstrated that the sensitivity of the results of ROC analysis to a change in the
number of categories depends on the uniformity of the distribution of the experimental data.
We observed that for a relatively large change in the rating scale (from 101 to 6 confidence
categories) and uniform distribution there were only small changes in the average ROC results.
However, with non-uniform distribution a decrease in the number of categories could have a
strong effect on the fitted ROC curve and on the chance of non-convergence due to degeneracy.
For each of the three observer experiment modes there were two cases of non-convergence and
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two sets of rating data having erratically fitted ROC curves (such as Radiologist 9). These
difficulties in the ROC analysis may lead to misleading conclusions for observer experiments.

Based on the results of our study, using a scale of 11 or 21 categories could provide sufficient
data points to allow reliable curve fitting for the ROC analysis. Analysis of the observers’ rating
distributions in our ROC studies indicates that 11 and 21 categories may be closer to the
radiologist “internal” confidence rating scales. These discrete rating scales may therefore be
reasonable choices for observer experiments.

There are limitations in our study.

One limitation is that this manuscript addresses only parametric analyses of ROC data.
However, lately there is a trend in statistics toward the use of non-parametric approaches for
the analysis of ROC data. The effect of discrete versus quasi-continuous ratings may be even
more significant in non-parametric analyses with few categories. This should be a topic of
interest in future studies.

Another limitation is related to the fact that we obtained experimental data using the 101
confidence rating scale and simulated the discrete scales with smaller number of categories. It
is not known if the observers will provide ratings in a way similar to the binning if a small
number of categories is used directly for rating data collection in the ROC experiments.
Nevertheless, our simulation studies comparing a large number of different rating scales
demonstrate the variability in the ROC analysis that may occur if the observers do not make
use of the full rating scale or if the categories are defined such that the observers cannot spread
their rating data over all categories easily (for example the BI-RADS(5) scale).

A third limitation is that we used the DBM multi-reader multi-case program for ROC curve
fitting in this study because it is likely the most commonly used software for ROC analysis at
present. A more recent development of the maximum likelihood estimation for the proper ROC
analysis (14,15) may alleviate some of the problems caused by unevenly distributed operating
points. It will be of interest to investigate if the discrete rating scales with different number of
categories may influence the proper ROC analysis in future studies.

CONCLUSION
In this study we examined the effects of using quasi-continuous and discrete confidence-rating
scales for ROC analysis based on data of two observer performance experiments pertaining to
lesion assessment in mammography. The analysis showed that the radiologists tended to use
10- to 20-point rating scale when the estimated likelihood of malignancy was higher than 5%.
In this study we observed some variations in the average performances using different (larger
than 5) confidence-rating scales for estimation of the likelihood of malignancy. The differences
are not statistically significant if the discrete rating scales provide relatively evenly distributed
data points over the TPF and FPF range. The mapping of the likelihood of malignancy observer
data to the ACR 7-category BI-RADS assessment scale also resulted in ROC curves close to
those from the original 101-point scale, whereas mapping to the 5-category scale could cause
erratic ROC curve fitting because of the lack of data points in the mid-range or failure in ROC
curve fitting because of data degeneration for some observers.
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Figure 1.
Distribution of the original likelihood of malignancy ratings assessed on a quasi-continues
confidence rating scale (0 to 100 points) by 10 radiologists in the independent reading mode.
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Figure 2.
Distribution of the original likelihood of malignancy ratings assessed on a quasi-continues
confidence rating scale (0 to 100 points) by 10 radiologists in the sequential reading mode with
CAD.
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Figure 3.
Fitted ROC curves for the LM mapping to the BI-RADS(5) scale, the BI-RADS(r5) and the
BI-RADS(7) scale with the corresponding raw data points for Radiologist 9 reading in
sequential mode with CAD. The Az for BI-RADS(5), BI-RADS(r5) and BI-RADS(7) are
0.953, 0.689 and 0.798, respectively.
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Figure 4.
Fitted ROC curves for the LM mapping to the BI-RADS(5) scale and the BI-RADS scale with
the corresponding raw data points for Radiologist 9 reading in sequential mode with CAD. The
Az for BI-RADS(5) is 0.953 and Az for BI-RADS is 0.902.
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Figure 5.
Fitted ROC curves for the BI-RADS assessments, LM (101-point scale) mapping to LM (5-
point scale), LM (101-point scale) mapping to the BI-RADS(5), BI-RADS(r5) and BI-RADS
(7) for Radiologist 9 reading in sequential mode with CAD. The Az for BI-RADS(5), BI-RADS,
LM(101), BI-RADS(7), LM(6) and BI-RADS(r5) are 0.953, 0.902, 0.828, 0.798, 0.781, and
0.689 respectively.
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Figure 6.
Distribution of the original likelihood of malignancy ratings assessed on a quasi-continuous
confidence rating scale (0 to 100 points) by 5 radiologists in the monoscopic reading mode.

Hadjiiski et al. Page 15

Acad Radiol. Author manuscript; available in PMC 2010 November 9.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 7.
Distribution of the original likelihood of malignancy ratings assessed on a quasi-continuous
confidence rating scale (0 to 100 points) by 5 radiologists in the stereoscopic reading mode.
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Table 3

Standard deviation for the corresponding area under ROC (Az) from Table 2 estimated for the likelihood of
malignancy based on the 6, 11, 21 and 101 category confidence rating scales for the three reading modes –
independent (Ind), sequential without CAD (NoCAD Seq), and sequential with CAD (With CAD).

Scale Ind NoCAD-Seq With CAD

A B C

6 0.03096 0.02947 0.02714

11 0.02933 0.02781 0.02545

21 0.02849 0.02699 0.02471

101 0.02829 0.02668 0.02461
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