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Abstract— Informatics is omnipresent in modern radiology and is 
very pertinent in aiding radiologists make accurate diagnoses.  
Screening programs involving radiological imaging compound 
the difficulty of appropriate image interpretation due to low 
abnormality presentation rates amongst the screened population.  
Breast cancer screening is a good example of this.  Various 
approaches have been examined to aid radiologists in this domain 
to minimize error rates.  In the UK a national self-assessment 
scheme has been found useful in helping maintain radiologists’ 
screening skills.  This has been used successfully for over 20 years 
with various modifications over time which have employed 
informatics enhancements as technologies have improved.  These 
are described, together with the latest incarnation, which uses a 
web-based service to provide improved user experience. 
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I.  INTRODUCTION  
Radiological informatics involves the whole of the 

radiological process, namely: the patient being imaged; the 
appropriate display of the resultant images; their interpretation 
by the radiologist; coupled with suitable image storage, and 
archiving [1]. Historically, radiological images were recorded 
on radiographic films which were examined on light boxes and 
then archived in file stores together with patient notes and other 
applicable information such as pathology reports.   

Today almost all radiology departments are filmless, with 
images stored in PACS (Picture Archiving and Communication 
Systems) and textual patient information separately stored in 
RIS (Radiological Information Systems). Typically radiologists 
will use the RIS to select a particular patient examination to 
report and this process automatically pulls up the relevant 
images from the PACS for inspection. The radiologists will 
report their various decisions about these images into the RIS 
which are then available for other medical specialists in the 
healthcare chain. 

Accurate interpretation in radiology is a prerequisite to 
appropriate patient treatment. Regrettably a key and common 
problem is image misinterpretation where either an 
abnormality is not reported (a false negative error) or a normal 
image region is reported as being abnormal (a false positive 

error).  The existence of these types of error have been known 
for many years and unfortunately despite much technological 
progress the incidence of such errors has not significantly 
declined.  Early work [2, 3] demonstrated that error rates of 20-
30% in radiology were commonly found. Subsequently, many 
studies over the following 50 years have reported fairly similar 
error rates [4].  Broadly speaking, if the image capture and 
display system suitably visualizes the abnormality then any 
diagnostic errors made by radiologists are due to human visual 
and perceptual reasons. Such errors have been classified as due 
to failures of visual search, detection and interpretation factors 
[5]. Many studies have examined these errors in experimental 
studies of different radiological imaging situations and these 
remain a major ongoing international research domain [6]. 

II. HEALTH SCREENING 
Over the last 25 years population health screening has been 

introduced for several key disease states in an effort to identify 
very early signs of potentially life threatening illnesses so that 
appropriate intervention can take place.  In the UK, for instance, 
cervical cancer screening variously started across the country 
in the 1960s with a more organized program of screening for 
breast cancer which began in 1988 [7].  Very recently, national 
bowel cancer screening has begun and whilst prostate cancer 
screening is not undertaken there is instead an informed choice 
program [8].  All of these activities produce images of different 
types which require accurate inspection and interpretation.  
Whilst it is important in these situations to have suitable and 
appropriate ergonomically designed examination conditions [9, 
10] so as to minimize the potential for error, the over-riding 
factor is radiological informatics related; particularly how the 
human interacts with and interprets appropriately displayed 
images. 

III. BREAST SCREENING 
Routine radiological reporting involves making suitable 
decisions about patient images for which the radiologist 
usually has a priori information describing why the particular 
imaging was performed and thus is cued as to what to look for.  
In screening the difficulty facing the imaging specialist is very 
much increased as they have to interpret a large number of 
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images from individuals who are typically healthy and who 
have been invited for screening simply because they fall 
within the particular population screening age range.  
Consequently, in screening the fundamental problem then is 
that there will always be a very large number of normal cases 
which need to be very carefully examined in order to identify 
the rare early signs of abnormality.   

 
Taking breast screening in the UK as an example, the latest 

data [11] show that in the period 2009 - 2010 over 2.7 million 
women aged 45 – 74 years were invited for screening. Some 
73.3% of these women then voluntarily attended for screening 
from which 16,476 cancers were detected – less than eight 
cancers per 1,000 screened women. Consequently this could 
mean that any individual screener may only expect to 
encounter one or two cancer cases amongst many normal 
cases in a typical week of regular screening activity.   
 

Breast screening, which involves taking two images of 
each breast, is carried out nationally across 109 screening 
centers with almost 700 personnel interpreting the 
mammographic images.  Available UK data indicate that only 
4.2% of the 2.1 million women actually screened in the 2009 - 
2010 period were judged to demonstrate potential 
abnormalities and were recalled for further investigation [11].  
It is important to keep this recall rate of women low in order to 
minimise any psychological trauma to them if their potential 
abnormalities are subsequently found to be normal breast 
tissue. 

 
For a radiologist to be able correctly to identify an 

abnormality amongst so many normal instances requires 
considerable skill.  The problem of skill and attention 
maintenance raises two important issues; the use of 
informatics based solutions as a decision aid and the 
maintenance of radiological interpretative skills.  

IV. CAD 
To counter the low incidence rate of potential abnormalities 

breast screeners are required in the UK to read a large number 
of screening cases, at least 5,000 per year, so that they 
appreciate the wide variety of normal image presentation.  
Whilst this figure is common throughout Europe, in some 
countries (e.g. USA) it is considerably lower.  Additionally, 
double reading of a screening case, where two experienced 
screeners interpret the case independently is generally used to 
increase the chances of identifying an abnormality. 

To further aid in detecting abnormalities various 
informatics approaches such as CAD (Computer Aided 
Detection) systems have been developed. Whilst this remains a 
very active research area for algorithm developments [12], 
several commercial systems are already used clinically.  An 
issue for these is that they can produce several false positive 
responses per case (identifying actually normal image areas as 
potentially being abnormal) which can limit their usefulness 
and usability.  However, CAD systems are a useful adjunct to 
screening, particularly where the radiologist does not 
necessarily report a large volume of cases annually. CAD has 

also been trialled in the UK screening program with results 
indicating that CAD systems can be used in parallel with 
screening radiologists to good effect [13].  Despite this, CAD 
still remains little used in screening across the UK.   

Elsewhere, we have argued that CAD systems could 
potentially be improved by tailoring and limiting the prompting 
of potential key mammographic features which indicate 
possible abnormality to counter known performance limitations 
of the particular radiologist [14].  One approach to this has also 
been described where the visual search behavior of the 
radiologists is linked to the CAD system so that only likely 
abnormality sites identified by CAD which have not been 
examined by the radiologist are prompted [15]. Admittedly 
such approaches may have ethical ramifications with differing 
radiologists potentially being prompted differently by the same 
CAD software when they examine the same cases. 

V. PERFORMANCE ASSESSMENT - PERFORMS 
The second issue of low abnormality presentation rates is 

how best to monitor, train, and maintain the necessary image 
interpretation skills of the radiologists so as to maximize the 
chances of correctly identifying an early abnormal appearance. 
Various informatics related approaches have been examined 
and proposed as a possible solution.  For instance, ontology 
based decision support systems have been investigated [16] as 
has grid based training systems [17].   

 
A key approach, PERFORMS [18], which has been 

successfully implemented across the UK for some 25 years 
has concentrated upon an image based self-assessment scheme 
as this is the prime skill involved in examining screening 
mammograms. Such systems of necessity need to present the 
individual with a certain number of screening cases in unit 
time to examine. Consequently, these case sets must be 
enriched with more abnormal examples than would be found 
in real life when examining the same number of cases, as 
otherwise the individual would have to examine several 
thousand cases in order to see examples of a few cancers. In 
the PERFORMS scheme we calculate that if the end user 
reads some 5,000 cases a year then, in the time it takes to read 
the case set, they will experience several normal screening 
years’ worth of difficult cancers.  

 

A. Mammogrphic Film and Paper-based Reporting 
The scheme was originally conceived and constructed 

using sets of mammographic films.  Using couriers, these were 
physically circulated around the UK to each breast screening 
center, together sets of paper booklets into which radiologists 
entered their various decisions about each of the cases as they 
examined them.  The films and booklets were then couriered 
back and the data entered into a computer for analysis.  This 
process was enormously time consuming, labor intensive and 
feedback to participants on aspects of their performance was 
inevitably slow as this logically had to follow the centralised 
computer processing of their data.   
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B. Mammographic Film and Computer-based Reporting 
Subsequently, the paper based approach was replaced with 

small Psion hand held computers which were used as data 
capture devices coupled with bar code readers and a bar 
coding data sheet. This arrangement enabled quick data entry 
and immediate feedback of some basic information, once the 
Psion had processed participants’ decisions about cases and 
compared this information to stored information.  It also 
facilitated faster downloading of data into our server for more 
detailed analyses.  These Psion computers were employed 
successfully for several years and were circulated around 
screening centers together with the mammographic films.  
However, whilst the Psion enabled easy feedback to 
participants, the limited screen real estate did not permit very 
detailed information.  

 
Seven years ago these hand held computers were replaced 

with Windows-based tablet computers.  These pen-based 
computers enabled easy graphical entry of mammographic 
feature locations and feature identification as well as logging 
of other pertinent information about each case.  Again, once a 
participant had completed a case set then very detailed 
graphical information could be fed back to them immediately 
as the tablet processed the participant’s entered data and 
compared this to known information about each case.    Once a 
participant had read all the cases in the set then they received 
immediate feedback of several kinds and they could elect to 
review all the cases, only the cancer cases or cases where they 
had made errors.  Once all participants at a particular 
screening centre had taken part then the case set and tablet 
computer were couriered back to the university, the data 
downloaded and further statistical analyses carried out [19].   

 
Whilst the scheme was improved through the use of 

increasingly better computers which facilitated the participants 
recording their opinions about mammographic cases, as well 
as providing increasingly better feedback, these advances still 
meant that the mammographic image case set and reporting 
computer had to be physically sent around all the UK 
screening centers.  This restricted the ease of access to the 
scheme as logistically the scheme had to be implemented as a 
screening center by screening center approach with several 
centers taking part each week and with some 30 sets of 
mammographic cases and tablet computers being employed. 

 

C. Digital Mammographic Images 
Over the last few years the UK has introduced screening 

using FFDM (Full Field Digital Mammography).  This has 
enabled the scheme to make better use of informatics.  Now 
carefully constructed sets of recent challenging UK screening 
cases are made available to be accessed over the web and 
downloaded on to radiological mammographic workstations.  
Such breast screening images are in DICOM (Digital Imaging 
and Communications in Medicine) format and of very high 
resolution, each being up to 50Mb in size.  A radiologist needs 
to examine all four images of a woman on a mammographic 

workstation with twin high resolution (5 megapixel) monitors 
in order to visualise and detect potential early abnormal 
mammographic features. Depending on the internet 
connection at a hospital the large size of these sets of images 
can take some time to download.  Due to this and hospital 
firewall issues some UK hospitals prefer to receive the images 
on DVD or USB devices. 
 

D. PERFORMS Web App 
The PERFORMS scheme’s reporting software has recently 

been rewritten and can now be accessed as an HTML5 web 
app which can be used online and offline and is backwards 
compatible with earlier web browsers.  This approach makes 
the software available for anyone running virtually any device 
and it will run on the radiologists’ clinical mammographic 
workstation, PC, MAC, laptop, iPad etc.  As before, the 
radiologists examine the cases and make several decisions 
about each one, such as what key mammographic features are 
present, overall case radiographic density, and whether they 
would consider that each breast should be recalled or not.  All 
such decisions are automatically, and in the on-line version 
immediately, fed back to our secure servers. Once a set of 
cases has been interpreted by a participant, immediate 
feedback is provided and the participant can then review as 
many of the cases as they like using various selection criteria.  
Detailed graphical feedback is provided to facilitate their 
understanding of where, on the abnormal cases, an 
abnormality is located; what the case pathology detailed; how 
other expert radiologists had reported that case, and also what 
their own decisions about the case were.  At the current time a 
limited number of screening centres use an off-line version of 
the PERFORMS app as they do not have reliable internet 
access at the location of their mammographic reporting 
workstations. 

 
Subsequently, the data are further analysed in several ways, 

primarily as to whether the individual has correctly identified 
early signs of cancer or not and secondly whether the various 
radiological decisions agree both with a panel of expert 
radiologists as well as the population of radiologists taking 
part.  Both ROC (Receiver Operating Characteristic) and 
JAFROC (Jackknife Free-response Receiver Operating 
Characteristic) analyses are undertaken.  Participants receive 
enriched web-based detailed feedback which they can then use 
to improve their everyday screening performance.   

 
Importantly, the scheme allows identification of any 

individuals who are performing below the standard of their 
colleagues (i.e. they are a statistical outlier) on the scheme and 
these can be followed up.  Very recent developments allow the 
identification of whether someone is a potential outlier within 
days of them having taken part, importantly this then lets them 
reflect on their performance and whether further training 
should be undertaken [20].  It is intended that this process can 
happen before such potential real-life poor performance may 
affect how well they carry out routine everyday breast 
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screening, although this remains to be demonstrated in 
practice. 

 
Feedback from users concerning these recent web 

developments have been wholly positive and have allowed a 
much richer self-assessment and training experience. The 
developments also allow the scheme to be made more widely 
available outside the UK and demonstrate the utility of 
implementing an informatics solution to a long running 
national self-assessment scheme. 

VI. CONCLUSIONS 
Detecting early signs of breast cancer is a very difficult task 

and radiologists can sometimes miss early signs of 
abnormality.  The implementation of the PERFORMS scheme 
has enabled breast screeners to examine test sets of 
challenging cases and receive feedback on their performance 
which has then facilitated them in undertaking more targeted 
training to further improve their skills.    The development of 
the scheme over the years is described and how it has 
increasingly used improved informatics to provide a better 
learning experience for participants.  The latest version of the 
scheme as a web-based product which is easily accessible 
anytime and anywhere by virtually any computer makes the 
scheme an important factor in the fight against this disease. 
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