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Inter-observer and Intra-observer Variability of 
Mammogram Interpretation: a Field Study 

Giovannino Ciccone, Paolo Vineis, Alfonso Frigerio and Nereo Segnan 

To evaluate the performance of radiologists in mammographic mass screening, seven radiologists read blindly 
the mammograms of 45 women (two views for each breast). The films included 12 normal, 24 benign disease and 
9 cancers. The readings were repeated after 2 years. As expected, variability was higher among radiologists than 
between the two readings of the same radiologist, but general reproducibility was moderate. Kappa values for a 
positive/negative classification were 0.45 at the first and 0.44 at the second reading (inter-observer comparisons). 
For the intra-observer comparisons, Kappa values ranged from 0.35 to 0.67 (mean 0.56). Generally, accuracy 
was low partly due to the difficulty of the cases. A slight increase in sensitivity was observed at the second 
reading. The level of agreement is a good indicator of accuracy. Proper training and standardization of criteria 
are essential before mass breast screening is implemented. 
EurJ Cancer, Vol. 28A, No. 617, pp. 10%1058,1992. 

INTRODUCTION diagnostic procedures involved [2, 31. Whereas accuracy has 
IT IS well accepted that periodic mammographic screening has been assessed in previous studies evaluating effectiveness of 
the potential to reduce mortality rates for breast cancer by a mass breast screening, less is known about inter- and intra- 
significant amount, at least in women aged 50 or more [ 1, 21. observer reproducibility on mammographic interpretation. In a 

In parallel with the implementation of mass breast screening large bibliography of publications on observer variability [4], 
there is increasing interest in improving the validity of the only one out of 5 1 references included in the section on conven- 

tional radiology, considered mammography [ 51. 
Where mass screening has not been implemented, knowledge 
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evaluate activities that might be involved in the screening 
programme, including the performance of the radiology units 
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of the city with experience in routine mammography. The 
present report describes an ad hoc study organised to address 
this problem. 

MATERIALS AND METHODS 
Radiologists and films 

In 1986 an invitation to participate in a study on diagnostic 
reproducibility and on accuracy assessment in the interpretation 
of standard mammograms was sent to all public centres in Turin 
peforming mammography. 8 radiologists agreed to participate, 
representing five out of the seven centres contacted. Each 
received the mammograms of 45 women (two views for each 
breast) without any other information and were asked to classify: 
(i) the parenchymal pattern in four categories (adipose/ mixed/ 
dense/not interpretable), (ii) the most probable diagnosis in five 
categories (normal/diffuse benign disease/nodular benignJsus- 
picion of cancer/cancer) and (iii) the recommendation for further 
diagnostic procedures in four categories (no recommen- 
dation/clinical examination/needle biopsy/surgical biopsy). 

The 45 women were selected from subjects screened in the 
National Breast Screening Study of Canada (NBSS), and their 
mammograms were kindly made available by Dr C. j. Baines 
(NCIC-Toronto). The final diagnoses, provided by the same 
source, were: 9 histologically confirmed cancers, 24 benign 
diseases, diagnosed after needle biopsy (i.e. false positive cases 
in the original set), and 12 normal mammograms (on which both 
the screening centre radiologist and a reference radiologist raised 
no suspicion of cancer and agreed that the woman need not be 
seen by a surgeon). Each group of women was a random sample 
of the corresponding source population. 

A preliminary report on the variability among these 8 radiol- 
ogists has been published [6]. 

In 1988, about 2 years after the first reading, the same 
radiologists were asked to participate in the second phase of the 
study, aiming at evaluating the intra-observer variability. 7 of 
the 8 radiologists accepted. The same set of 45 mammograms 
and forms from the previous phase were used. The most 
important difference in this second reading was that the radiol- 
ogists were aware of the distribution of diagnoses within the set 
of films. 

Analysis 
The Kappa statistic was used to obtain a measure of agreement 

between each pair of observers or, for the same observer, 
between two readings [7]. Specific Kappa was computed for 
each single category (or grouped categories) of diagnosis and of 
recommendation. The interpretation of the radiologists was 
considered positive when they either diagnosed or suspected a 
cancer and whenever they recommended a biopsy. An overall 
weighted Kappa [8] was computed to have a synthetic measure 
of general agreement over the entire classification. The weighting 
procedure allows for the assignment of a ‘weight’ to take into 
account the level of disagreement when more than two categories 
are available for rating. The weights used are those proposed by 
Cicchetti for dichotomous ordinal scales, i.e. classifications 
containing an ‘absence’ point and two or more levels of ‘presence’ 
of the rated variable [9]. In each comparison, agreement has 
been measured only on those mammograms considered inter- 
pretable by both observers. 

In assessing accuracy we considered false positives, both 
normal women and those who had a pathological diagnosis of 
benign disease, as ascertained in the NBSS, positively rated by 
the radiologists. False negatives were women with a pathological 

Table 1. Distribution of tke 45 women according to diagnosis and recommendation 
for further tests, made by each radiologist at the jirst and the second reading, 

respectively 

Radiologist 
(IS and 2nd reading) 

Diagnosis: A B C D E F G 
- recommendation 12 12 12 12 12 12 12 

Normal 
No recommendation 9 8 7 6 1011 4 5 12 9 87 74 
Clinical examination 1 1 1 1 

Diffuse benign disease 
No recommendation 713 11 55 35 82 15 5 
Clinical examination 5 4 9 10 12 10 2 5 72 712 

Nodular benign disease 
No recommendation 2 1 1 3 
Clinical examination 4 4 12 10 3 4 5 13 6 3 12 9 3 5 
Needle biopsy 64 43 23 5 7 1 1 3 
Surgical biopsy 1 

Suspect of cancer 
Clinical examination 1 72 1 
Needle biopsy 6 27 51 25 16 113 4 4 
Surgical biopsy 136 67 79 9 1 10 51 57 

Cancer 
Surgical biopsy 43 44 32 34 43 32 42 
Technically unsatisfactory 3 2 21 2 1 7 7 
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Table 2. Inter-observer agreement: specific Kappa for agreement 
on positive/negative categories for each pair of radiologists at the 

first and the second reading 

Radiologist 
B C D E F G 

12 12 12 12 12 12 

A 0.28 0.55 0.56 0.81 0.58 0.45 0.54 0.52 0.51 0.54 0.53 0.58 
B 0.18 0.36 0.33 0.23 0.08 0.32 0.37 0.36 0.18 0.18 
C 0.66 0.50 0.59 0.45 0.61 0.53 0.61 0.46 
D 0.50 0.23 0.61 0.25 0.51 0.44 
E 0.49 0.70 0.31 0.50 
F 0.50 0.32 

diagnosis of cancer whose mammograms were considered nega- 
tive by the radiologists. 

Variability 
RESULTS 

Table 1 gives an overview of the results of the dual reading of 
the mammograms, according to the diagnosis made and the 
follow-up diagnostic procedure recommended by each radiol- 
ogist. The number of films considered as technically unsatisfac- 
tory was low, except for radiologist G, who systematically 
excluded all those mammograms showing even slight artefacts 
on the flhns. The number of mammograms interpreted as normal 
ranged from 4 to 13 at the first reading and from 5 to 11 at the 
second one. 

The inter-observer variability for the recommendation of 
further diagnostic procedures is fairly large: women receiving 
no recommendations ranged from 7 to 20 at the first reading 
and from 4 to 22 at the second one. The number of subjects to 
which either clinical examination, aspiration or surgical biopsy 
was recommended varied in a similar way. However, if the 
recommendation of a bioptic test-aspiration or surgical 
biopsy-is considered as a single category, inter-observer varia- 
bility is markedly reduced. 

There were some systematic differences between the two 
reading sessions, particularly evident regarding the diagnostic 
procedure recommended. The average percentage of subjects 
referred for aspiration was about 10.7% at the first reading and 
23.8% at the second. An inverse trend is observed for surgical 
biopsy, decreasing from 26.9 to 16.9%. These changes between 
readings are particularly evident for radiologists E and F. 
Considering aspiration and surgical biopsy together, the differ- 
ence between readings is reduced from 37.6 to 40.7%. 

Table 2 shows the level of agreement on the positive/negative 
categories (as defined in Materials and Methods) for each pair of 
radiologists at both readings. The Kappa values ranged from 
0.08 (between radiologists B and E, first reading) to 0.81 
(radiologists A and C, second reading). Most comparisons 
showed moderate agreement, with an average Kappa value of 
0.45 (S.D. 0.16). 

Table 3 reports the means of the Kappas for inter-observer 
agreement on different categorizations: positive/negative, speci- 
fic diagnostic procedure recommended and overall agreement 
on the original four point classification proposed. In general, 
the level of agreement was moderate and does not vary between 
readings. Radiologist B has the lowest inter-observer agreement 
at both readings. 

Table 4 reports the Kappas for intra-observer agreement of 
each radiologist at the repeated reading for the considered 
categories. Intra-observer is generally greater than inter- 
observer agreement, with an average increase of Kappa values of 
about 0.10. Clinical examination is the specific recommendation 
choice with lowest reproducibility. 

Accuracy 
Table 5 shows the distribution of the mammograms according 

to the number of ‘positive’ interpretations received and the 
reference diagnosis. In this table, only the 36 women diagnosed 
by all radiologists in both readings were included. Between the 
first and the second session, out of 63 readings from 9 normal 
women, recommendation of biopsy dropped from 14 to 8. 
Among the 42 readings from 6 cancer patients, the detection of 
cases increased from 22 to 26. 

Table 3. Inter-observer agreement: specific Kappa* for agreement on positivelnegative categories, for further diagnostic 
procedures recommended and weighted Kappat for overall agreement on recommendations (1st and 2nd reading) 

Specific Kappa 

Further diagnostic test recommended 
Positive or negative 

Biopsy Overall weighted 
No recommendation Clinical examination (needle or surgical) Kappa 

Radiologist 1 2 1 2 1 2 1 2 1 2 

A 0.50 0.58 0.44 0.36 0.14 0.19 0.46 0.45 0.47 0.47 

B 0.24 0.33 0.53 0.46 0.12 0.09 0.18 0.31 0.34 0.41 

C 0.54 0.52 0.39 0.43 0.18 0.21 0.50 0.40 0.43 0.49 

D 0.53 0.35 0.45 0.33 0.14 0.11 0.46 0.29 0.48 0.33 

E 0.42 0.45 0.46 0.49 0.20 0.27 0.41 0.44 0.42 0.47 

F 0.52 0.45 0.41 0.41 0.20 0.28 0.35 0.43 0.39 0.45 

G 0.44 0.41 0.32 0.37 0.17 0.24 0.41 0.43 0.38 0.42 

Mean Kappa values* 0.45 0.44 0.43 0.41 0.16 0.20 0.40 0.39 0.42 0.43 

* Specific Kappa is the mean of the Kappa values of the six comparisons of each radiologist with the others. 

t Overall weighted Kappa is the mean of the Kappa values of the six comparisons of each radiologist with the others on the four 
category classification of the recommendations. 

$ Mean Kappa is based on all 2 1 possible comparisons of the 7 radiologists. 



Observer Variability of Mammogram Interpretation 1057 

Table 4. Intra-obsetver agreement: specific Kappa for agreement on positivelnegative categoties, 
for further diagnostic procedures recommended and weighted Kappa* for overall agreement on 

recommendations between first and second reading 

Specific Kappa 

Further diagnostic test recommended 

Radiologist 

Positive Biopsy 
Or No Clinical (needle or Overall weighted 

negative recommendation examination surgical) Kappa 

A 0.65 0.55 0.18 0.65 0.61 
B 0.35 0.69 0.12 0.36 0.57 
C 0.61 0.66 0.31 0.61 0.59 
D 0.61 0.64 0.37 0.56 0.64 
E 0.39 0.48 0.40 0.41 0.44 
F 0.67 0.33 0.18 0.48 0.46 
G 0.61 0.40 0.28 0.61 0.56 
Mean Kappa values 0.56 0.54 0.26 OS3 0.55 

* Overall weighted Kappa is computed for each radiologist on the four category classification of the 
recommendations. 

Table 5. Disttibution of the women according w the refer- 
ence diagnosis (NBSS) and the number of positive evalu- 
ations received from the seven radiologists at the 1st and 
2nd reading (only 36 subjects diagnosed by all radiologists 

in both readings) 

Reference diagnosis 
(1st and 2nd reading) 

No. of positive 
evaluations received 

7 6 5 4 3 2 1 0 Total 

Normal 
1 01000323 

9 
2 00010044 

Benign breast disease 
1 24211236 

21 
2 25131414 

Cancer 
1 11100120 

6 
2 10203000 

Total 36 

Table 6 reports the proportion of mammograms correctly 
rated by each radiologist in the two readings, according to the 
reference diagnosis. The range of cancer detected is from 3/9 
(radiologist B, hrst reading) to 8/9 (radiologists E and F, second 
reading). Comparing the performance of the radiologists in the 
two sessions, there was a slight increase in sensitivity, from 61.5 
to 69.1, while specificity was roughly constant, around 65.0. 
Only radiologist G showed a worsening performance at the 
second reading, both in sensitivity and specificity. 

Table 6. Proportions of women correctly rated by each 
radiologist (sensitivity and specificity) at the 1st and 
the 2nd reading, according to the reference diagnosis 

(NBSS) 

Reference diagnosis 

Radiologist 
(1st and 2nd Normal or benign 
reading) Cancer * (%) disease t W) 

A 
1 619 (66.7) 19136 (52.8) 
2 619 (66.7) 23136 (63.9) 
B 
1 319 (33.3) 21135 (60.0) 
2 719 (77.8) 20135 (57.1) 
C 
1 619 (66.7) 25136 (69.4) 
2 619 (66.7) 27136 (75.0) 
D 
1 519 (55.6) 20134 (58.8) 
2 419 (44.4) 28135 (80.0) 
E 
1 519 (55.6) 25134 (73.5) 
2 819 (88.9) 18136 (50.0) 
F 
1 619 (66.7) 25135 (71.4) 
2 819 (88.9) 25136 (69.4) 
G 
1 617 (85.7) 2213 1 (71.0) 
2 316 (50.0) 19133 (57.6) 

* Sensitivity, based on a pathological diagnosis. 
t Specificity, based on a radiological evaluation (normal) 
or a pathological diagnosis (benign disease). 



IO58 G. Ciccone et al. 

DISCUSSION 
Effectiveness of screening is inffuenced by a number of 

components, the quality of which is important to know before 
implementation and to monitor after starting. In the case of 
breast cancer screening, accuracy and reproducibility of mam- 
mogram interpretation are central components requiring special 
attention [2, 31. 

In the present study, both accuracy and reproducibility have 
been measured on a set of 45 mammograms to evaluate the 
potential performance of a group of 7 clinical radiologists faced 
with screening-like problems. 

In general, moderate agreement is evident for all the categories 
considered. The level of concordance is obviously higher for the 
simpler, screening-oriented dicothomous classification, than 
when specific recommendations are considered. Low agreement 
is evident for the recommendation of clinical examination and 
between the two methods recommended for biopsy. This obser- 
vation is not surprising, because the decision to refer a woman 
for biopsy and the choice between the available procedures are 
usually based on both the clinical examination and the locally 
available diagnostic options. From the first to the second reading 
there was a general shift from surgical biopsy to aspiration- 
particularly evident for radiologists E and F-possibly due to 
the increased availability of low cost instruments for stereotactic 
needle biopsy. 

As expected, agreement within observers is better than 
between observers and the actual difference is even greater than 
what appears from a crude comparison of Kappa values. In fact, 
intra-observer agreement estimates also include an effect of the 
time interval between the readings. Such a source of error does 
not affect the inter-observer comparisons. 

A low level of specificity was expected, since 24 out of 36 
negative cases were already biopsied in the NBSS. 

Between the two readings, there was some improvement in 
the ability to detect cancer cases by most radiologists. This is 
unlikely to reflect an increased awareness of the approximate 
frequency of the ‘true’ diagnoses, since there was no systematic 
shift of the frequency of each diagnosis between the two readings 
(Table 1) and the slight increase of sensitivity was associated to 
a constant specificity (Table 6). 

As in most studies on observer variability, generalization of 
results and comparisons with similar experiences are problem- 
atic. While attempts to find a general interpretation for Kappa 
values have been made [lo], it is also clear that estimates of 
agreement are influenced by the type of classification used, the 
number of points in the rating scale, the relative frequency of 
each condition in the set being reviewed and the weights chosen 
to obtain an overall evaluation of agreement [ 11, 121. 

In the present study sensitivity and specificity were estimated 
on a low number of films. In addition, the frequency of different 
conditions and the difficulty of some cases were not representa- 
tive of that usually seen in a screened population. Thus, the 
degree of accuracy cannot be interpreted as an estimate of the 
actual accuracy in a screening context. Conversely, studying 
variability in a representative sample of screened women would 
not have been efficient, because of the extremely low prevalence 
of positive results. 

The present study confirms the need for proper training for 

radiologists who will be involved in a population screening 
project. The low agreement about what should be recommended 
is an indication for the need to reach a consensus on a clear 
operative protocol, according to the outcome of mammogram 
interpretation. In particular, there is a need to clarify what the 
role of the physical examination should be in the screening 
programme, after its recent evaluation as a single screening 
method [13]. 

Even if this study, as with the few similar studies published 
on the same topic [lC161, is affected by a certain degree of 
arbitrariness and artefact, some of the suggestions coming out 
may be of general interest. Firstly, the involvement of clinical 
radiologists in screening programmes, without proper training, 
could be a cause of less success than expected. Secondly, the 
implementation of screening programmes should contain quality 
assurance procedures to monitor important screening com- 
ponents. In the absence of accuracy evaluations, the level of 
inter- and intra-observer agreement is a useful indicator of 
quality of the radiologist performance. 
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