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Presentation of images of lesions similar to that of an unknown lesion might be useful to radiolo-
gists in distinguishing between benign and malignant clustered microcalcifications on mammo-
grams. Investigators have been developing computerized schemes to select similar images from
large databases. However, whether selected images are really similar in appearance is not examined
for most of the schemes. In order to retrieve images that are useful to radiologists, the selected
images must be similar from radiologists’ diagnostic points of view. Therefore, in this study, the
data of radiologists’ subjective similarity for pairs of clustered microcalcification images were
obtained from a number of observers, and the intra- and inter-observer variations and the intergroup
correlations were determined to investigate whether reliable similarity ratings by human observers
can be determined. Nineteen images of clustered microcalcifications, each of which was paired with
six other images, were selected for the observer study. Thus, subjective similarity ratings for 114
pairs of clustered microcalcifications were determined by each observer. Thirteen breast, ten gen-
eral, and ten nonradiologists participated in the observer study; some of them completed the study
multiple times. Although the intraobserver variations for the individual readings and the interob-
server variations for pairs of observers were not small, the interobserver agreements were improved
by taking the average of readings by the same observers. When the similarity ratings by a number
of observers were averaged among the groups of breast, general, and nonradiologists, the mean
differences of the ratings between the groups decreased, and good concordance correlations �0.846,
0.817, and 0.785� between the groups were obtained. The result indicates that reliable similarity
ratings can be determined by use of this method, and the average similarity ratings by breast
radiologists can be considered meaningful and useful for the development and evaluation of a
computerized scheme for selection of similar images. © 2006 American Association of Physicists
in Medicine. �DOI: 10.1118/1.2266280�
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I. INTRODUCTION

Breast cancer is the second leading cause of cancer death and
the most frequently diagnosed nonskin cancer in women in
the United States. The American Cancer Society1 estimates
that 212 920 new invasive cancer and 61 980 new in situ
breast cancer cases will be diagnosed in 2006. Although
mammography is considered useful as an early detection
tool, there are still false negative studies.2–4 A number of
studies2,4–7 has reported that the computer-aided diagnosis
�CAD�, defined as a diagnosis made by a radiologist who
takes into consideration a “second opinion” provided by a
computer, may be useful in the detection of breast lesions on
mammograms. In fact, commercial systems for aided detec-
tion of lesions on mammograms have been approved for
clinical use by the Food and Drug Administration, and CAD
is employed8 at many clinical facilities in the U.S. However,
detection is only part of the diagnostic task. Once detected, it
can be difficult to distinguish between malignant and benign
lesions on mammograms. Investigators have therefore been
developing CAD schemes for characterization of detected
lesions to help radiologists in reducing the “unnecessary”

recall examinations and the number of biopsies of benign
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lesions. In most of these CAD,9–13 computers provide radi-
ologists the likelihood of malignancy in percentage format,
without specific reasons as to why the likelihood is high or
low. When a radiologist encounters an unknown lesion, we
can assume that he/she tries to recall similar cases that he/she
has experienced in clinical practice and/or learned in training
courses or from textbooks. Therefore, to complement an es-
timated numerical likelihood, we believe that the presenta-
tion of images with known diagnoses similar to that of an
unknown lesion would be helpful. In fact, image retrieval
methods, such as keyword searching14,15 and content-based
or feature-based retrieval,16–21 have been studied by investi-
gators for the purpose of a diagnostic aid or teaching tool.
Nonetheless, in most of these studies, whether retrieved im-
ages were really similar in appearance was not examined
subjectively by radiologists.

In order for retrieved images to be really helpful in CAD,
we believe that the images must be visually similar from
radiologists’ diagnostic point of view. Thus, our hypothesis is
that reliable data on radiologists’ impression of similarity for
many types of image pairs would be useful for development

of such CAD schemes and for the evaluation of the useful-
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ness of image retrieval methods. Li et al.22 conducted an
observer study to determine subjective similarity for pairs of
lung nodules in computed tomography �CT�, which was then
used for determination and evaluation of similarity measures.
However, the appearance of lung nodules on CT is very dif-
ferent from that of microcalcifications on mammograms, and
normal structures included in thoracic CT and mammograms
are also very different. The determination of subjective simi-
larity may be more difficult for pairs of clustered microcal-
cifications, because radiologists usually take into account the
shapes and distribution of individual microcalcifications as
well as the cluster as a whole. Image resolutions are different
for CT �order of millimeter� and digital mammograms �typi-
cally 50 to 100 �m�. Image presentation �reconstructed slice
images versus projection images, respectively� is also differ-
ent. A study was reported by Nishikawa et al.23 in which they
compared two methods for determination of similarity scores
for pairs of clustered microcalcifications; however, the num-
ber of cases and the number of observers were limited. El-
Naqa et al.24 obtained subjective similarity scores for pairs of
clustered microcalcifications based only on the spatial char-
acteristics of the clusters. Images retrieved by use of such
similarity scores, however, might not be helpful for diagno-
sis, because images would be “similar” only in terms of the
cluster distribution. The purpose of this study is to measure
and quantify radiologists’ subjective similarity for pairs of
images with clustered microcalcifications based on the over-
all impression for diagnosis and to investigate the variations
within and between observers.

II. MATERIAL AND METHODS

A. Images of clustered microcalcifications used in
this study

Images of clustered microcalcifications were obtained
from a publicly available database, the Digital Database for
Screening Mammography �DDSM�,25 developed by re-
searchers at the University of South Florida and others. The
DDSM includes images of 914 biopsy-proven cancer cases,
996 �141 not biopsy-proven� benign cases, and 695 normal
cases collected from four facilities from 1988 to 1999. For
each lesion identified, the rough outline of the lesion, the
subtlety, and breast imaging reporting and data system �BI-
RADS� description and assessment were included in the
DDSM. For this study, 881 square regions �5 cm�5 cm� of
interest �ROIs�, including 378 and 503 ROIs with malignant
and benign clustered microcalcification lesions, respectively,
were obtained. For all of the ROIs obtained, individual mi-
crocalcifications were identified based on the outlines of the
lesions by an experienced technologist �H.N.� for computer-
ized image analysis. The contrast and the density level for all
of the ROIs were manually adjusted by a breast radiologist
�R.A.S.� for optimal viewing.

B. Observer study for determination of similarity

To obtain subjective similarity for pairs of clustered mi-

crocalcifications, 19 sets of images �= ROIs� were prepared.
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In each set, one image was placed in the center �“unknown”
image� with three images placed each on the right and left
�“known” images� which were compared to the center image.
Thus, six similarity ratings were obtained for a set, and the
similarity ratings for a total of 114 image pairs �19�6� were
determined. First, nine malignant and ten benign “unknown”
images were selected by the breast radiologist �R.A.S.� to
provide a variety of types of clustered microcalcifications.
Figure 1 shows the characteristics in the effective diameter
of the cluster and the number of microcalcifications in the
cluster for “unknown” images used. For each unknown im-
age, about 10 to 40 malignant and benign candidates for
“known” images were automatically selected by use of im-
age features, such as the number, the contrast, and the shape
irregularity of microcalcifications and the size of the cluster.
If these cases were selected randomly, most pairs would be
dissimilar, and such data would not be useful. Therefore, to
ensure six similarity ratings to be distributed in a wide range,
final selections were made by the consensus of three coau-
thors �Q.L., K.D., and C.M.�. Since some “known” images
were used more than once, 113 different ROIs obtained from
101 patients were employed in these 114 pairs. All of the
identifications in the DDSM for the 113 ROIs used in the
study are listed in the Appendix. For the 113 ROIs, the num-
ber of identified microcalcifications in the lesion ranged from
5 to 68 with the average of 20. The effective diameter of the
lesion ranged from 7 to 23 mm with the mean of 11.7 mm.

The order of 19 sets as well as the placement of six
“known” images was randomized, and pathologies of lesions
were not revealed to the observers. The images were dis-
played on a monochrome liquid crystal display monitor
�ME511L/P4, 21.3 in., 2048�2560 pixels, 410 cd/m2 lumi-
nance; Totoku Electric Co., Ltd.� in full resolution �zoomed
mode� with the capability of unzooming. In zoomed mode,

FIG. 1. Characteristics in effective diameter of the cluster and the number of
microcalcifications in the cluster of all the images and ones used as “un-
known” images.
the size of each image was 3 cm�3 cm, showing the entire
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lesion. The observers were asked to mark their impression of
similarity by clicking with a mouse on a continuous rating
scale between 0 and 1, corresponding to two images that
were not similar at all and almost identical, respectively. The
data were quantified automatically in an observer interface
program and stored electronically. The instructions to the
observers were �1� Purpose: To obtain basic data for select-
ing similar images in CAD scheme to assist radiologists’
interpretation of mammograms; �2� Cases: Nineteen un-
known clustered microcalcifications �approximately equal
number of malignant and benign� together with six similar or
dissimilar clustered microcalcifications; �3� Similarity rating:
Based on your overall impression for radiological diagnosis,
use continuous rating scale with a line-checking method
where two clustered microcalcifications are 0: not similar at
all and 1: almost identical; �4� Rating: Each should be rated
independently and consistently; and �5� Reading time: No
time limit. At the beginning of the observer study, a training
session with two “unknown” cases, i.e., ratings for 12 pairs
of images, was provided for the observers to familiarize
themselves with the rating method. During the training ses-
sion, the observers can experience the range of similarity
expected in the subsequent study so that they could scale
their impression.

A total of 33 observers including 13 breast radiologists,
10 general radiologists �one resident�, and 10 nonradiologists
participated in the study. Some observers completed the
study multiple times, and the numbers were summarized in
Table I. The orders of cases and the placement of six images
were randomized in each of repeated studies. The reproduc-
ibility within each observer and the agreement between two
observers were assessed in terms of the concordance corre-
lation coefficient.26,27 The concordance correlation is a modi-
fication of the Pearson’s correlation coefficient. Unlike the
Pearson’s correlation which is a measure of linear associa-
tion, the concordance correlation takes into account the de-
viation of the best-fit line from the 45 deg line. There are
other methods to assess agreement, such as the Bland-
Altman method28 and intraclass correlation coefficient.29

Bland and Altman suggested that differences should be plot-
ted against the mean, instead of one �rater� versus the other
�rater�. The Bland-Altman method can be used to detect
whether the fixed and/or the proportional bias exists. With
the Bland-Altman method, the limits of agreement are deter-
mined, in which most of the differences are expected to be
found. However, it is difficult to interpret how well the
agreement is, whereas with correlation coefficient, it is easier

TABLE I. The number of observers participated in the observer study.

Breast
radiologists

General
radiologists

Non-
radiologists

Five readings 1 1 5
Two readings 8 0 3
One reading 4 9 2
Total 13 10 10
to understand that 1.0 and 0.0 correspond to a perfect agree-
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ment and no agreement, respectively. The intraclass correla-
tion coefficient �ICC� is a fraction of the between-class varia-
tion to the total variation. When the variance between cases
is much larger than the variance between observers within
cases, ICC becomes high. The ICC for a pair of raters is very
similar to the concordance correlation, especially when the
variance of differences between the two is small or the num-
ber of cases is large.30 The standard deviation of ratings for
each pair of clustered microcalcifications was also deter-
mined to examine the intraobserver variability and interob-
server variability for each group of observers. The similarity
ratings were averaged first for each observer and then within
the group of observers to determine intergroup correlations.
The effect of repetition and the number of observers were
also investigated.

III. RESULT

When observers were asked to participate in the study for
multiple times, the time between two consecutive studies
was varied considerably. Figure 2 shows the change in in-
traobserver correlation coefficients between two consecutive
studies for each of seven observers who have completed the
study five times. When the time between two studies was
very short, such as less than 5 days for three observers �ob-
servers B, F, and G�, the correlation coefficients were in-
creased, thus indicating that the observers were more consis-
tent. However, the correlation coefficients between the
subsequent studies for observers F and G decreased. It is not
known whether the differences in these results were due to
experimental variation or affected by memory. To minimize
the effect of memory, however, it may be desirable to pro-
vide a sufficient time between repeated readings. It is appar-
ent in Fig. 2 that the variation in intraobserver correlations
for the first two readings is relatively large. It is interesting to

FIG. 2. Change in intraobserver correlation coefficients between two con-
secutive readings for each of seven observers with five readings.
note, however, that the correlation coefficients for the last
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two readings became comparable and somewhat higher ex-
cept for two observers F and G. This result may be due to the
effect of learning that the observers might have become more
familiar in rating similarity for pairs of images and thus be-
came more consistent. The average intra-observer correlation
coefficients between the first and second readings and their
ranges for groups of breast radiologists and non-radiologists
are shown in Table II. The correlation coefficients between
the two “single” readings were not very high, indicating that
rating the similarity for pairs of images used in this study
was difficult and not reproducible at least for the first two
readings. The average intraobserver correlation coefficients
were comparable for breast and nonradiologists, which indi-
cates that the reproducibility in rating the similarity by the
same observer was not related to the experience in reading
mammograms.

The similarity ratings from the multiple readings by the
same observer were averaged for each observer to reduce the
effect of intraobserver variation. As a result, it is expected
that the average ratings by each observer become more reli-
able. Figure 3 shows the decrease in the standard deviation
of ratings as the number of readings by these observers in-
creased. The standard deviation of the ratings by seven ob-
servers with five readings was first determined for each of
114 pairs, and then the average and standard deviation of the
114 standard deviations are determined and shown. Based on
the F test, there was a statistically significant difference �P
�0.00001� between the pooled variances of one and two
readings. The result in Fig. 3 indicates that although there
might not be much benefit by repeating more than two times,
the ratings would be more reliable when each observer pro-
vided the ratings multiple times than just once. Table III
shows the averages and ranges of interobserver correlation
coefficients between all possible pairs of observers in each of
the three groups of observers by use of the first, second, and

TABLE II. Average and range of intraobserver correlation coefficients be-
tween first and second readings by a single observer.

Average correlation
coefficients

Breast radiologists �9� 0.51 �0.35, 0.66�
Nonradiologists �8� 0.51 �0.38, 0.72�

TABLE III. Average and range of interobserver correla
second readings and average of two readings. Correla
readings for breast and nonradiologists. P12, P1A, and
averaged, and second and averaged reading.

First reading

Breast radiologists
�36 combinations�

0.36 �0.16, 0.58�

General radiologists
�45 combinations�

0.25 �0.06, 0.36�

Nonradiologists
�28 combinations�

0.34 �0.10, 0.55�
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the average of the two readings. For the groups of breast and
nonradiologists, data by the observers with two readings
were used. Although interobserver correlations were rela-
tively low, there was a small improvement in the average
correlation coefficients for both breast and nonradiologists
by taking the average of the two readings. Although the sam-
pling distribution of the correlation coefficients is not nor-
mal, the inverse hyperbolic tangent transformation �z trans-
formation� of the correlation coefficients can be assumed to
have a normal distribution. If the correlation coefficients
were assumed independent random samples, the mean of the
correlations for the averaged readings were significantly
higher �P�0.0001� than those for the first and second read-
ings based on the paired t test. The correlation coefficients
for the group of general radiologists were lower than the
other two groups. The reason for this result may be related to
the fact that general radiologists had a wide range of experi-
ence in reading mammograms, and most of them had no
experience in participating observer studies. Table IV shows
the average standard deviations of ratings within the group of

FIG. 3. Effect of the number of readings averaged by the same observer on
the average standard deviation of subjective ratings for the observers with
five readings.

oefficients within the group of observers for first and
were determined for the observers with at least two
are P values between the first and second, first and

Second reading Averaged reading

0.37 �0.14, 0.61�
�P12=0.6�

0.47 �0.30, 0.67�
�P1A , P2A�0.00001�

— —

0.30 �0.07, 0.58�
�P12=0.2�

0.41 �0.20, 0.62�
�P1A , P2A�0.0001�
tion c
tions
P2A
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observers. By employing the average of two readings, the
interobserver variations were reduced about 16 to 20 %. The
results also indicate that the average ratings are more reliable
than the single readings. For our purpose of determining re-
liable similarity ratings by breast radiologists, at least two
readings for each observer may be useful.

The similarity ratings for 114 pairs of images by each
observer were then averaged for a group of observers. To
investigate the effect of the number of observers, a simula-
tion was conducted by use of the first readings by the 13
breast radiologists. Two groups of observers were randomly
selected, and the average ratings by the selected observers in
each group were determined. Differences in the averaged
ratings by two groups were determined for 114 pairs. This
process was repeated for 100 times, and the average and
standard deviation of the differences were shown in Fig. 4.
The average difference in ratings between single observers
was as large as 0.23; however, when the number of observers
in each group was increased to four, the average difference
was reduced about 50% �0.11�. The corresponding correla-
tion coefficients between two groups are shown in Fig. 5.
The average correlation coefficient was improved from 0.37
with single observers to 0.78 with six observers. The mean of

TABLE IV. Average standard deviations of ratings within the group of ob-
servers for first and second readings and average of two readings. Standard
deviations were determined for the observers with at least two readings for
breast and non-radiologists.

First
reading

Second
reading

Averaged
reading

Breast radiologists �9� 0.184 0.179 0.145
General radiologists �10� 0.203 — —
Non-radiologists �8� 0.180 0.182 0.151

FIG. 4. Effect of the number of observers in each group on the average

difference in similarity ratings between two groups.
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the correlations with a larger number of observers are all
found to be higher �P�0.00001� based on two-sample t test.
The result suggests that the reliability in similarity ratings
would increase as the number of observers increased.

When the subjective similarity ratings were averaged
within the groups of breast, general, and nonradiologists, in-
tergroup agreements became very high. Table V shows the
correlation coefficients between the groups of the nine breast
radiologists and the eight nonradiologists, when first, second,
and average ratings were used. The results indicate that the
multiple readings by the same observers may be useful in
addition to the increase in the number of observers. The re-
lationships between the average ratings by the nine breast
radiologists with two readings and ten general radiologists,
and by the nine breast and eight nonradiologists with two
readings are shown in Figs. 6 and 7, respectively. The corre-
lation coefficient between breast and general, and breast
and nonradiologists are 0.846 �95% confidence interval
�CI �0.789, 0.888�� and 0.817 �CI �0.747, 0.869��, respec-
tively, which are significantly higher than the correlations
between single observers �Table III�. The similarity ratings
by the general or non-radiologists for some pairs were some-
what different from those of breast radiologists, which were
probably due to the difference in diagnostic experience. The
pairs of images with a relatively large difference in the av-

FIG. 5. Effect of the number of observers in each group on the intergroup
correlation coefficients.

TABLE V. Intergroup correlation coefficients between breast and nonradiolo-
gists, when first, second, and averaged readings by single observers are
averaged within the group. For averaged reading, two readings for each
observer are first averaged, and then averaged within the group. The observ-
ers with two readings were only included.

First
reading

Second
reading

Averaged
reading

Nine breast radiologists
vs eight nonradiologists

0.736 0.781 0.817
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erage ratings between breast and general radiologists are
shown in Fig. 8. The top pair ��a� and �b�� was considered
very similar by the breast radiologists, whereas the general
radiologists found it less similar. On the other hand, the gen-
eral radiologists considered the second pair ��c� and �d��
more similar, whereas the breast radiologists found it less
similar. However, these differences are within or almost
within one standard deviation, and therefore, can be consid-
ered rather insignificant.

FIG. 6. Relationship between the average ratings by the nine breast radiolo-
gists with two readings and ten general radiologists with one reading.

FIG. 7. Relationship between the average ratings by the nine breast and

eight nonradiologists with two readings.
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IV. DISCUSSIONS

Content-based radiologic image retrieval from Picture Ar-
chiving and Communication System �PACS� has been stud-
ied by many investigators.14–21 Depending on the purpose of
retrieval, the images retrieved for a query image might be
“similar” or the same in terms of pathology, if already
known, type of examination, body part, or appearance. For
the purpose of diagnostic aid, such as to help radiologists
distinguish between benign and malignant lesions, we be-
lieve that the retrieved images must be similar in appearance
or diagnostic signs from the radiologists’ points of view. To
our knowledge, limited groups22–24,31 have examined subjec-
tively whether images are similar based on the similarity
ratings provided by radiologists. Li et al.22 have obtained the
similarity ratings for pairs of lung nodules in thoracic CT by
both radiologists and medical physicists. They found that the
average similarity ratings by the group of medical physicists
were in good agreement with those by the group of radiolo-
gists �Pearson’s correlation coefficient 0.88.� The average
ratings by the radiologists were considered reliable and were
used as a “gold standard” in their study. In our study, radi-
ologists’ similarity ratings were obtained for pairs of clus-
tered microcalcifications on mammograms. The variation in
observers’ impressions of similarity for pairs of clustered mi-
crocalcifications could be larger than that of the nodules in
thoracic CT, because both characteristics of individual calci-
fications and the cluster would be considered for diagnosis.
For some cases radiologists may strongly consider the distri-
bution of microcalcifications in the cluster, and for others,
they may be influenced by some specific features such as the

FIG. 8. Pairs of images with relatively large differences in average ratings
between breast and general radiologists. Averages and the standard devia-
tions by the nine breast radiologists with two readings and ten general radi-
ologists with one reading are 0.82±0.11 and 0.70±0.15, respectively, for �a�
and �b�, and 0.65±0.17 and 0.77±0.15, respectively for �c� and �d�.
presence of linear microcalcifications. It is possible also that
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not all microcalcifications are identified by all observers be-
cause of their fine structure. Some observers may find two
overlapping microcalcifications, whereas others find it as one
microcalcification. Figure 9 shows the relationship between
the average intraobserver variation and the interobserver
variation in similarity ratings by breast radiologists for 114
pairs. The result shows that for some pairs, the variation
between the observers was large although each observer was
consistent individually, suggesting that they may be looking
at different characteristics. Figure 10 shows a pair of images

FIG. 9. Relationship between intraobserver and interobserver variations in
similarity ratings by nine breast radiologists with two readings.

FIG. 10. A pair of images, �a� and �b�, with both small intra- and inter-
observer standard deviations �0.06 and 0.10, respectively�, and a pair of
images, �c� and �d�, with small intra-observer but large inter-observer stan-

dard deviations �0.10 and 0.30, respectively�.
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��a� and �b�� with both small intra- and small inter-observer
variations, and a pair of images ��c� and �d�� with small
intraobserver variations but large interobserver variations.
The first pair includes relatively small clusters and rather
distinct calcifications; however, since the second lesions are
relatively large, it is possible that some observers found dif-
ferent signs and features and reacted differently based on
their own experiences.

Nishikawa et al.23 have investigated two methods, i.e.,
absolute scale and paired comparison methods, to determine
observers’ abilities to judge the similarity for pairs of clus-
tered calcifications. In the absolute scale method, 30 pairs of
images were shown to the observers one by one, and then the
similarity scores from 1 �nearly identical� to 5 �not at all
similar� were provided by the observers. In the paired com-
parison method, the observers compared each pair to all of
the other pairs one by one, and marked which pair was more
similar than the other. Their result showed that the intraob-
server agreement was better with the paired comparison
method than the absolute scoring method, whereas the inter-
observer agreements were comparable. Although observers
might be more consistent with the paired comparison
method, the similarity score obtained by such a method
would be strongly dependent on the cases included in the
study. This method is also time consuming because each pair
must be compared to a large number of pairs, e.g., 29 pairs in
their study �a total of 435 comparisons�. In general, a good
correlation between the scores for the two methods was
found, indicating that similarity of clustered calcifications
can be determined in a meaningful way. However, the num-
bers of cases �30 pairs� and observers �four observers includ-
ing three breast radiologists� used in their study were rather
small.

El-Naqa et al.24 also obtained similarity ratings in an ab-
solute scale for pairs of clustered microcalcifications. In their
study, similarity ratings were provided by observers with
background in medical image analysis. The criterion for
similarity was limited only to the geometric distribution of
microcalcifications in the cluster, and the observers read the
images with circles overlaid at locations of individual micro-
calcifications that were previously identified by experts. The
observer agreement might be good by limiting the criteria
and with the location of each microcalcification marked;
however, without the original images, the markings could be
very eye distracting and all of the other important features
for diagnosis of lesions were not considered. We believe that
similar images retrieved by use of such similarity ratings
may not be helpful for distinction of benign and malignant
lesions.

In this study, we asked observers to rate the similarity
based on the overall impression for diagnosis. For similar
images to be useful to radiologists in their diagnosis, images
to be presented to radiologists must be similar in terms of an
overall diagnostic point of view. Therefore, we believe that
this criterion was important for the determination of subjec-
tive similarity ratings. We have employed an absolute scale
method with a continuous rating scale from 0 to 1 to obtain

the subjective similarity ratings. Presentation of six pairs si-
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multaneously may help observers to scale their impression
because they can compare six “known” images and decide
which “known” images are more similar or less similar to the
“unknown” image. On the other hand, while the similarity
ratings would not be completely independent, they would not
be too strongly dependent on cases included as in paired
comparison or ranking methods. The numbers of cases used
in this study was rather small; a larger number of cases
would be needed to include various types of lesions for the
development of CAD schemes. In this study, high correlation
coefficients between the average subjective ratings by two
groups of observers were obtained. Although there are varia-
tions in subjective impression within and between individu-
als, the statistical variation can be reduced by obtaining the
data from a number of observers and their repeated readings.
The high correlation between the groups of observers indi-
cated that a component of impression of similarity for pairs
of images may be commonly shared by human observers,
and reliable similarity ratings can be obtained by this
method. We believe that average similarity ratings by expe-
rienced radiologists determined in this way are meaningful
and useful for determination and evaluation of objective

similarity measures in CAD schemes.

number.
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APPENDIX

Unknown Known Unknown Known Unknown Known Unknown Known Unknown Known

0087LM3 0171RC1 0126RM1 0057RC1 0411LC1 0309RC1 0473RM1 0325LM1 0476LM1 0012RM1
0325LC1 0511LC1 1465RM1 1503RC1 0276RC1
1124LM1 1213LM1 1807RC1 1850RM1 1213LC1
1245LC1 3030RC1 1839LC1 3486RC1 1376LM1
1743LC1 3367LC1 1916LM1 4098LM1 3459RC1
1924RC1 4159LM1 3026RC4 4179RC1 3502RC1

0488RM1 1227LC1 1115RC1 1232RM1 1175RM1 0285RM1 1176LM1 0285RC1 1261LC1 0503LM1
1465RM1 1332LC1 1465RC1 0315RM1 1438LM1
1837LC1 1605LM1 1601RM1 0335RC1 1729RC1
1916LM1 1809LM1 1619RC1 1175RC1 1743LC1
3121RM1 3502RC1 1774LC1 1223LM1 4161RM1
4162LC1 4105RC1 4147LC1 1619RM1 4179RC1

1448LM1 0012RM1 1530LC1 1452RM1 1840LC1 1382RM1 1866LC1 0057RC1 1934LM1 0236RC1
1214LC1 1601RM1 1647LC1 0167RM1 0276RC1
1431RM1 1619RC1 1721LC2 1175RC1 1191LC1
1913LC1 1850RC1 1729RC1 1406LM1 1223LM1
3044LC1 1850RM1 1766LC1 3367LC1 1530LM1
3499LC1 4099LM1 4171LM1 4196RM1 3367LC1

3037LC1 0151RM1 3361LM1 0344LM1 3436RC1 0400LC2 4151RM1 0288LM1
0511LM1 1201RM1 1797LM1 1213LC1
1632LM1 1482RM1 1874RM1 1406LC1
1743LC1 1913LM1 3007LM1 3507LM2
1894RM1 1944RC1 1009RM1 4179RC1
3037LM1 3516LM1 3400LM1 4196RM1

Note: The first four digits represent the case number in the DDSM followed by the breast �R: right or L: left�, view �C: CC or M: MLO�, and the lesion
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