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Introduction : 

Full Field Digital Mammography (FFDM) screening necessitates training more users to 

interpret digital images; as well as facilitating computer-based training employing a 

range of display devices. The feasibility of training naïve observers to examine 

mammographic images using different forms of vision-supported training on a PC 

monitor was examined.  

Methods : 

An expert radiologist first examined a set of screening cases whilst his eye movements 

were recorded along with his various verbal decisions about each case.  

Procedure - For each participant the eye tracker was first calibrated.  Each was then 

given a short introduction concerning breast cancer, mammogram images, and were 

familiarised with the appearance of the two different key breast cancer features in such 

images (masses and calcification). They then visually examined two practice cases.  

Subsequently they completed a computer-based image examination task whilst their 

eye movements were discretely recorded. Participants were asked visually to examine 

each case view, identify whether the view was normal or contained an abnormality. If 

the latter, they also had to specify the feature type (i.e. mass or calcification) and its 

location. 

Participants - Twenty naive observers participated (none of them had any experience 

in mammography reading) in the study. Participants were split into four experimental 

groups and a control group (which did not undertake any training) with the experimental 

groups undertaking different forms of computer based training.

Design - Training sets: each training set included 21 cases comprising both MLO and 

CC views of each case but were presented in four different formats 

Materials - 1. Visual stimuli: 21 sets of recent digital mammographic images were used.  

Each image set comprised both MLO and CC views of both breasts. Fourteen of the 

pairs featured a specific abnormality which had been grouped into two types (namely: 

Mass and Calcification) with the abnormality visible on either one or both views. Seven 

of the sets featured no abnormality. 2. Hardware: The experiment was run on a PC with 

an LCD monitor (display size: 21.5”; resolution: 1680 x 1050 ) for displaying images; 

eye movements were recorded using a remote oculometer – a Tobii X50 eye-tracker. 

This records eye movements with no attachment to the participant and allows them 

some degree of free head movement (within 30 x 16 x 20 cm ; W x H x D) at 60 cm 

from the device.  It has a reported accuracy of 0.5-0.7 degrees of visual angle. 

Results : 

Examination of visual search and performance data, pre- and post- training, indicated 

that only 14% of responses identified the correct features and their locations.  Errors 

were due to search (>60%), detection (<20%) and interpretation (<18%) factors. 

Approaches that emphasised the region of interest around an abnormality caused 

observers to fixate these areas for longer periods and produced fewer errors.

Conclusion : 

Overall, it is argued that these findings taken together indicate that low cost devices 

(i.e. non mammographic reporting workstations) can be used for training purposes in 

digital breast screening as long as appropriate HCI techniques are implemented. These 

then extend the opportunity for training beyond the clinical workplace. The current study 

examined some potential methods of delivering training and used naive participants. 

Ongoing research (see pictures below) is further investigating the delivery of computer-

based training using a variety of HCI methods to breast screeners.

Fig.1.  Schematic of the different training and con trol 
approaches .

The forms of training were:

T1: Both MLO mammogram views were presented and then 
regions of interest (as identified by the expert) highlighted;

T2: as for T1 but then the region of interest was zoomed out (where 
only a portion of the mammographic image around a potential 
abnormality site was presented); 

T3: as for T1 but incorporating a playback of the expert’s visual 
search behaviour;

T4: as for T1 but accompanied by a playback of the expert’s verbal 
commentary;

Control condition – no training was undertaken.
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Fig. 2 Examples of the pattern of visual exploration of a number of MLO views of cases by the same observer
Black square : AOI ; Blue pattern: observer’s scanpath and fixation; Red cross: location of abnormality 
specified by participant

The key interest here is the participants’ visual search behaviour and whether this was affected by the 
different training approaches. This was analysed in detail and where participants made errors then this 
was broken down into whether they made search, detection or interpretation errors based on whether they 
failed to actually fixate on or near (i.e. within the area of interest [AOI] marked by a black square) the 
abnormality (a search error) or whether they did fixate near the abnormality but only for a short period of 
time (<800ms; detection error) or a longer period of time (=>800ms: interpretation error). 

Examples of the pattern of visual exploration of a number of MLO views of cases by the same observer 
are shown in Fig 2. In A1 the observer’s scanpath is shown before training where the abnormality 
(emphasized for illustration here by a square) was missed because the observer did not look at or near it 
(a visual search error).  After training (A2), when examining the same case the abnormality was fixated 
and correctly identified. Another example of a search error is shown in B1.  B2 shows a detection error 
where the abnormality was fixated for a short time period but not detected. In B3 the abnormality was 
fixated for a longer period of time (i.e. detected) but not reported (an interpretation error).  B4 shows a 
case with two abnormalities, one of which was missed (search error) and the other was correctly fixated 
and reported.


