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FIG. 1. ROC plot of 
participants examining 

images with image 
manipulation tools

FIG. 2. ROC plot of 
participants examining 
images without image 

manipulation tools

A group of screeners (eight) were presented with recent digital screening cases on a digital 

mammographic workstation and asked to examine these images either with or without using 

any image manipulation functions.  Their performance and visual search behaviour was 

measured to determine how using these functions affected their case reading behaviour and 

performance.  

Two similar sets of twenty cases, which included some main mammographic features (masses, 

architectural distortions, and calcifications), were constructed – being matched for abnormality 

presence and mammographic appearances as closely as possible.

Participants : Eight film readers (Seven radiologists and one advanced practitioner ) from 

one breast screening centre were involved in this study.

Design : Both sets of cases were viewed on a GE digital mammography workstation using 5 

Megapixel dual monitors. Participants’ saccadic eye movements were recorded using a 

lightweight head mounted eye tracking system. Also, their image manipulation behaviour was 

recorded by a video camera.  For 20 cases they were asked not to manipulate the images but 

to view them as one full sized view on each monitor with the ability to switch between MLO and 

CC views.  For the other 20 cases they could manipulate the images (i.e. using the normal 

workstation tools of pan, zoom, adjust window level/width ) if they wanted to.  The order in 

which each participant viewed images with or without manipulation tools was counter-balanced 

across the participants. Also, for each participant the case viewing order was randomised. 

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

the two sets of cases.  For each case the participant was asked to rate their confidence in 

abnormality presence; specify its feature type and indicate its location if abnormal;  to assess 

case density and also give his/her screening decisions.  Their performance and search 

behaviour was also compared to that of an experienced radiologist who was familiar with the 

cases and who had selected the case set.

The participants’ reporting performance was evaluated using Receiver Operating 

Characteristic (ROC) analysis to compare participants’ average performance between 

examining images with image manipulation tools and examining images without using 

such tools. The detection performance was expressed by the area under the ROC 

curve (Az) which is the average sensitivity over all possible specificities . More details 

are shown in Figures 1 & 2.

As shown in these two figures the trend of the results shows that participants 

performed better when using image manipulation tools with the area under the curve 

(Az=0.981) greater than when examining images without these tools (Az=0.951). 

In order to accurately represent and compare the cancer detection performance in the 

two conditions, identifying the correct location of the abnormality is considered as 

important to identify whether the view was normal or contained an abnormality. 

A two-tailed paired t-test indicated that, on  average, participants 

performed not significant better with image manipulation tools (M=0.881, 

SD=0.088 ), than they performed without the support of such tools (M= 

0.887, SD=0.079, p>.05, r=.009 ). 

The data were also compared between different features types (namely:-

Architectural Distortion [AD], Masses, Calcification and Normal cases 

containing no such features - Fig. 3) in the two conditions.  Performance 

between using or not using the image manipulation tools to identify 

Masses and AD  were about the same. Although there was no significant 

difference between with/without image manipulation tools to identify 

micro calcification, manipulation was found to be slightly better even 

though it was not significantly better (p>.05, r=.125). Furthermore,  using 

image manipulation led to raising the recall rate, although not significant 

so (p>.05, r=.100).

METHODS  

RESULTS  

FIG. 3. Percentage of correct decisions for 
mammographic features when image manipulation 

(HCI) was allowed or not allowed (non-HCI)

This study is part of a larger investigation involving two screening centres (Nottingham and Derby) and studying reporting on a range of devices: workstation, office 

monitor and iphone.  It was expected here that using manipulation tools would allow more detailed examination of the images and therefore produce better 

performance but possibly at the cost of increased examination time per case.  The results from this one centre show remarkably similar performance data across the 

two matched case sets, whether manipulation was used or not.  

This is reassuring in terms of screening behaviour as it implies that if this finding is supported by further work then image manipulation is not necessarily a prerequisite 

of good screening performance – the normal digital display having sufficient resolution to capture early abnormal signs adequately for detection.  However, it must be 

noted that the effect sizes here are small, reflecting the small number of participants and further work will expand this.

DISCUSSION       

CONCLUSION  

Breast screening post-processing manipulations are not necessarily a pre-requisite for reporting screening cases appropriately.  However, they do affect reporting 

confidence and mammographic case visual examination

INTERACTION      
Detailed examination of the interaction eye movement and image manipulation data is yet to be fully completed.  Data to date indicate that using image 

manipulations increases case examination time ( see Fig. 4), which in typical screening is a cost, but the eye movement data demonstrate that it allows more time to 

be spent in detailed examination of key areas of the cases which then potentially leads to increased confidence in deciding that such areas are malignant or not.

Eye Monitor Scene Monitor

Eye Movement 
Analysis System

Eye tracker

Video interaction 
Camera

23.00

23.50

24.00

24.50

25.00

25.50

26.00

26.50

Image Manipulation No Image Manipulation

Conditions

M
ea

n
 o

f 
T

im
e 

(M
in

u
te

s)

Fig. 4.  Mean examination time in the two conditions

Example screenshots showing where a participant was looking (red cross) as they manipulated the image: magnification on right breast of MLO views (LEFT); 
magnification on right breast of CC view (CENTRAL) ; Changing window level/width on left breast of CC view (RIGHT).

INTRODUCTION  


