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Overview 

•! Visual inspection in medical imaging 

•! Performance research and errors 

•! Importance of visual search 

•! Breast screening as an example 

•! Links to CAD and imaging 

modeling performance 
rare targets 

CAD aids 

Visual inspectio  

Imaging interpretation 

breast cancer 
vision 
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vision 

PERIPHERY 
Low resolution 

Grey scale vision 
Movement 

 
 FOVEA 

~ 1-1.5 degrees 
High resolution 
Colour vision 

A concept:- 
Useful field of vision 

UFOV 
 

•!  need to move our eyes 
•!  different types of eye movements 
•!  saccades and fixations 
•!  pursuit eye movements 

UFOV 
useful field of view 
~ 2.5 deg. 

Fovea 
1.5 deg. 

Visual 
search 

Visual attention  
– only attend to image areas that are directly examined by the fovea 

What you see is not just  
determined by information in the image  

normal 

benign benign 

malignant 

Look at 
 me 

Look  
over  
there 

Image demands 
 - overt and covert cues Cognitive plans  

for looking 

normal 
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You can miss the most obvious  modeling performance 
rare targets 

CAD aids 

Visual inspectio  

Imaging interpretation 

breast cancer 
vision 
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Visual Inspection 

Industrial inspection 

Radar inspection 

Safety 
 inspection 

(rivets) 

Security 
 inspection 

Radiological 
 inspection 

•! Errors occur in every human visual inspection 
task 

•! Errorless performance – a myth? 

•! Rare targets (e.g. in medical screening)  !!make 
performance worse 

•! Factors: !vigilance, time of day effects, time on 
task, experience, expertise, training! 

Visual inspection is just part of 
medical care Medical Imaging 

•! Saturday, December 28, 1895 Roentgen submitted his first 
"provisorial" communication, Ueber eine nue Art von Strahlen (On a 
New Kind of Rays)  

•! One year later – ‘roentgen picture’ first used in a malpractice case 

•! Wisconsin appellate court decision 1996: 

–! All radiologists miss abnormalities on X-rays, but such errors do 
not, in and of themselves, constitute negligence in treatment 

•! Recently:- 
•! More than 500,000 patients have errors made in their treatment or 

care each year  

•! 20-30% error rate ~ can be as high as 40%  

   ~23% industrial inspection of electronic chips 
 
•! Working to the best of their ability ..people still make errors 

•! Rare targets – radiological screening (breast, colon!) 

•! Main interest is in false negative (FN) or miss errors 
–! Assume not missed for a technical fault 

Error Rates in Medical Imaging 

Take Breast Cancer Screening in the 

UK as an example 

 

Very successful national screening 

programme 

 

Erro
rs? 

 

Shock at more breast test errors 
[Posted: Mon 05/11/2007 by Niall Hunter, Editor] 
 
Health Minister Mary Harney has expressed her 
deep concern at the revelation that seven women 
attending Portlaoise Hospital were wrongly given 
the all-clear for breast cancer and has expressed 
sympathy for the considerable distress and hurt 
caused. 
The HSE has confirmed, following a review of 
nearly 3,000 mammograms, that seven women 
attending the hospital who were subsequently found 
to have breast cancer had been initially given the 
all-clear in error. 
It has issued an apology to the women concerned 
for the 'delay in diagnosis'.  The news will add to 
concerns about standards of breast cancer care 
around the country, with a number of probes into 
testing errors and quality of care currently taking 
place. 
A review was launched recently of around 2,900 
mammograms from the period November 2003 to 
August 2007 at Portlaoise hospital. 
The HSE says as a result of the review, the 
diagnoses on approximately 250 women were 
reviewed, and of these, 45 were recalled to the 
hospital.  
To date, seven of the group recalled have been 
identified as having a diagnosis of breast cancer, 
according to the HSE, which says all of these 
women have been contacted and offered 
appropriate treatment and counselling. 

2009 
Hospital halts cancer screening  

after eight women given all-clear found to have the disease 

 

13th August 2010 

 

Some errors will always occur 
 

Need to reduce/eliminate preventable errors 
modeling performance 

rare targets 

CAD aids 

Visual inspectio  

Imaging interpretation 

breast cancer 
vision 
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Ergonomics / Human Factors 
 
•! Patient centred  

–! comfort / image quality 

•! Radiologist focussed  
–! best image examination conditions 

Research in Imaging Interpretation 
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Research in Imaging Interpretation 
Performance  
•! 1940s / 1950s: Chest X-ray (film) – overlaying structures, single lesions 

–! 10-30s interpretation 
–! Continuing to the present day; main impact in 1970s-80s 

Main findings: 
 
Experts look at high probability areas of abnormality 
 
Where radiologists look is affected by prior clinical information 
 
Experts make fewer saccadic eye movements with longer eye fixations 
 
Satisfaction of search 
 
What is expertise? 
 

Research in Imaging Interpretation 
Performance 
•! 1940s / 1950s: Chest X-ray (film) – overlaying structures, single lesions 

–! 10-30s interpretation 
•! Late 1980s: Breast screening (film) – rare cancer appearance 

–! Very fast interpretation 10s or more  

Main findings: 
 
Relationship of key mammographic features to clinical outcome 
 
Experts look at high probability areas of abnormality 
 
Experts make fewer saccadic eye movements with longer eye fixations 
 
Expertise related to volume of cases read and years of experience 

Research in Imaging Interpretation 
Performance  
1940s / 1950s: Chest X-ray (film) – overlaying structures, single lesions 

–! 10-30s interpretation 
•! Late 1980s: Breast screening (film) – rare cancer appearance 

–! Very fast interpretation 10s or more  
•! 2010: Breast screening (digital) + CAD + CADx 

–! Slower interpretation; Image - contrast, zoom, pan 
–! 2008: Tomosynthesis  

Main findings: 
 
Use of 1 radiologist + CAD = performance of 2 radiologists 
 
CAD developments have led to fewer CAD FP decisions 
 
CAD is very usable and useful 

Research in Imaging Interpretation 
Performance  
•! 1940s / 1950s: Chest X-ray (film) – overlaying structures, single lesions 

–! 10-30s interpretation 
•! Late 1980s: Breast screening (film) – rare cancer appearance 

–! Very fast interpretation 10s or more  
•! 2010: Breast screening (digital) + CAD + CADx 

–! Slower interpretation; Image - contrast, zoom, pan 
–! 2008: Tomosynthesis 

•! 2000 -MRI / CT 
–! Longer examination times, 2D/3D, volume rendering 
–! Build up visual cognitive image of structures over slices 

Main findings: 
 
Similar findings to chest and breast – 
 
Experts know where to look for primary lesions and then for potential related lesions 
 
Differences in visual search behaviour between naïve, trainee and  
experienced radiologists 

Research in Imaging Interpretation 

Performance  
•! 1940s / 1950s: Chest X-ray (film) – overlaying structures, single lesions 

–! 10-30s interpretation 
•! Late 1980s: Breast screening (film) – rare cancer appearance 

–! Very fast interpretation 10s or more  
•! 2010: Breast screening (digital) + CAD + CADx 

–! Slower interpretation; Image - contrast, zoom, pan 
–! 2008: Tomosynthesis 

•! 2000 - MRI / CT 
–! Longer examination times, 2D/3D, volume rendering 
–! Build up visual cognitive image of structures over slices 

•! 2009 - CT Colonography screening  
–! ‘Fly through’ examinations ~ possible ‘its behind you’ errors 
–! Remember where you are and where you are going  

Main findings: 
 
Ongoing research area 
 
More complex experimental situations 
 
 

modeling performance 
rare targets 

CAD aids 

Visual inspectio  

Imaging interpretation 

breast cancer 
vision 
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Where’s Wally? 
 

Find the abnormality 

Very detailed abnormality description 

Find the abnormality 
within an image 

Even with very detailed knowledge of the target it can still be hard to find 
 
Overlaying structures  
Camouflage 
Other features competing for attention 
 

Find the correct abnormality 
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Recording visual search 
Wide variety of methods to  
record visual search  
behaviour 
 

Visual Search 

video 

Visual Search 

Search in Breast Screening Search in Breast Screening 

Pattern of visual search by one expert radiologist 

Visual search in CT/MRI  
Naïve                                Experienced 

Normal 
 
 
 
 
 
 
 
Chronic 
Stroke 
 

Visual search behaviour 

A. Circumferential pattern.           B. Localized pattern.          C. Complex 
pattern. 

 
Examples of three kinds of visual scanning patterns 
 
Similar to what is found in radiology 

Uncluttered image Dense image 

The image affects how you look Expertise affects how you look 

inexperienced 
observer 

experienced 
observer 

High probability areas first 
 long saccades 
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The task affects how you look 

‘assess image 
quality’ 

‘look for 
abnormalities’ 

Foreknowledge directs search: the same observer but given 
different instructions The time course of viewing an image 

modeling performance 
rare targets 

CAD aids 

Visual inspectio  

Imaging interpretation 

breast cancer 
vision 
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Detecting rare targets in images 
 

- who has a gun?? 

Get ready 5 4 3 2 1     

modeling performance 
rare targets 

CAD aids 

Visual inspectio  

Imaging interpretation 

breast cancer 
vision 
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Measuring Performance in 
Radiology 

•! Sensitivity and specificity 
 
Various ROC analysis techniques:- 

–! Multiple readers 
–! Multiple potential targets 
–! Decision confidence 

•! ROC – typically single target present/absent 
•! LROC – both target and location have to be correct 
•! FROC – free response 
•! AFROC alternative free response 
•! MRMC – multiple reader and multiple conditions 
•! JAFROC analysis 

•! ‘horses for courses’ – technique used depends on the empirical 
investigation  www.mips.ws 
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Kundel & Nodine (1970s) 

•! Built on psychological models 
•! Emphasised visual inspection 
•! Importance of eye tracking research 
•! Recently revisited and extended (Mello Thoms, 2009) 
 
•! Of practical utility 
•! Separation of errors into those due to search, detection and 

interpretation 

•! Mathematical approach - Ideal observer 
•! Health informatics - ontological descriptions. 
•! Image analysis techniques – potential  non-verbalisable feature 

approaches  
•! e.g. SIFT (Scale Invariant Feature Transform) algorithm 

Measuring Performance in 
Radiology 
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target 

UFOV –  
useful field of view 

target 

UFOV –  
useful field of view 

target 

UFOV –  
useful field of view 

FN (miss) errors 

Search error Recognition error  
(Dwell time<1000ms) 

Decision error 
(Dwell time>1000ms) 

Three types of False-Negative errors :–  
1)!  Visual search error: observers fail to report targets when they do not fixate   

within 2.5 deg of target;  
     
          

2)   Recognition error: Observers fail to report targets when they fixate target 
less than ‘a period of time’;      

3)  Decision error: Observers fail to report targets when they fixate target  more 
than ‘ a period of time’ (?1000ms).      
         Gale, 1983 

target 

UFOV –  
useful field of view 

target 

UFOV –  
useful field of view 

target 

UFOV –  
useful field of view 

FN (miss) errors 

Search error Recognition error  
(Dwell time<1000ms) 

Decision error 
(Dwell time>1000ms) 

Visual Perceptual Cognitive 

Visual search error Visual detection error 

Visual interpretation error 

        - Fixation 
 

     -    AOI 
 

  X    - Decision 
Correct detection 

© Y. Chen 

FN (Miss) errors 

Can tease out whether someone:- 
  
•! has not looked at key features – search training 

•! Has not recognised features  – need training focussed 
on features 

•! Recognise features ok - but then not utilised that 
information to make a decision of abnormality – need 
different type of training  

modeling performance 
rare targets 

CAD aids 

Visual inspectio  

Imaging interpretation 

breast cancer 
vision 
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•!  Every year a difficult case set is circulated around the UK 

•!  In 2009/2010 almost 600 screeners read the same set of  
    challenging recent screening cases 
 
Data analysed in terms of: 
 
1. An individual’s decision to recall/not recall a case compared to all their peers  
(i.e. If this woman presented anywhere in the UK would she be treated in the same way) 
 
2. An individual’s agreement with known case pathology  
(i.e. did they detect cancer) 

www.performs-ie.com 

% of Cases correctly recalled 

Overall: 
~ 20% of those cases which should be recalled  
were not recalled Difficult case set 

www.performs-ie.com 

% of Cases correctly returned to 
screen 

Overall: 
~ 13% of those cases which had originally  
been returned to screen were recalled Difficult case set 

www.performs-ie.com 

Examples of Individual Performance Data 

Over-reading 

Under-reading 

www.performs-ie.com 
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% of Cancers correctly identified 

Can tease out reasons for errors by  
examining  what features were reported 

Difficult case set 

www.performs-ie.com 

Overall: 
~ 85% of cancer cases correctly identified 

Overall Features Identification 

www.performs-ie.com 

Can therefore identify whether an 
individual has: 
1.!  not detected key features 

indicating abnormality  
or  
2.   detected features but then not 

interpreted that information 
correctly. 

  
– leads to different revision training     
needs 

Breast Screening: Examples of 
typical error profiles 

•! These figures show typical error profiles, with 
one main error ‘peak’, significantly higher than 
the national mean (p<.0001), showing false 
negative results for at least a second feature 
type:- 

•! Points the way for further training needs per 
individual 

 

Mammographic Error by Feature Type

0 5 10 15 20 25

Well Defined Mass

Ill Defined Mass

Spiculate Mass

Architectural Distortion

Asymmetry

Calcification

Mean % Error False Negatives (FN)

Mammographic Error by Feature Type

0 10 20 30 40 50

Well Defined Mass

Ill Defined Mass

Spiculate Mass

Architectural Distortion

Asymmetry

Calcification

Mean % Error False Negatives (FN)

Mammographic Error by Feature Type

0 5 10 15 20 25

Well Defined Mass

Ill Defined Mass

Spiculate Mass

Architectural Distortion

Asymmetry

Calcification

Mean % Error False Negatives (FN)

a) b) 

c) 

National Mean 
Calcification  
Error = 7.36 

National Mean 
Ill Defined Mass 
Error = 10.64 

National Mean 
Spiculate Mass 
Error = 9.81 

Four experts agree  
where an abnormality is. 

Disagreement !!!  
Four experts do not agree on  
abnormality location. 

Expert  Decisions  

Expert Decisions 

modeling performance 
rare targets 

CAD aids 

Visual inspectio  

Imaging interpretation 

breast cancer 
vision 
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How does the radiologist examine images? 

•! Eye tracking shows how exactly they examine images 

  Image Examine MLO 
Examine CC 

decision 

Visual search error Visual detection error 

Visual interpretation error 

        - Fixation 
 

     -     - abnormality 
 

  X    - Decision 
Correct detection 

CAD  

•! How best can image processing help the radiologist? 

•! CAD algorithms – minimal false positive detections   

•! Mammography CAD systems a few years ago – many 
FPs; now few FPs, much improved  

•! With today’s mass of data streams and complex image 
visualisations we become more reliant on accurate 
image processing and CAD technologies 

•! Can (or should) CAD be tailored to the individual? 
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Intelligent computer application 
computer aided detection (CAD) & 
    computer aided diagnosis (CADx). 
 
 
 
 
  

–!  but ... false positive (FP) detections of cancer 

CAD 

 

•! CAD – FP errors 
     Can get several false positive prompts per 

image 

•! Does the radiologist have to examine every 
CAD prompt or do they just ignore them all? 

•! Is there another way to help the radiologist? 

image examine Examine images  
with CAD prompts 

turn  
CAD  
on 

decision 

Proposed approach 

Image Examine 
Examine images  
with CAD prompts 

 
CAD  

 

Decision 

  Image Examine Decision 

Examine 
       + 
Record 
visual 
search 

  Image Decision 
Examine images  
with CAD/visual 
search prompts 

 
CAD  

 

  Radiologist 

CAD 

  Proposed technique 

The CAD view 

An original mammogram The potential abnormalities that 
were identified by a CAD system 

CAD identified AOIs 

An original mammogram The observer’s visual search 
and eye fixation locations 

Visual serach identified AOIs The CAD view 

The potential abnormalities that were 
identified by CAD/visual search 
combination  

Combined AOIs 

The observer’s visual search and eye 
fixation locations 

The potential abnormalities that were 
identified by a CAD system 

Conclusions 
•! Visualisation and perception vitally important in 

interpreting medical imagery 

•! Errors will always occur in radiological interpretation 

•! Need to minimise these 

•! Appreciating what causes errors gives us ways to 
overcome them  
–! can provide individualised targeted training which will improve 

performance 
–! can provide CAD approaches tailored to the individual 

•! The PERFORMS scheme is now internationally available 

www.performs-ie.com 

Thank you 
a.g.gale@lboro.ac.uk 

www.performs-ie.com 


