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By Dr Wiard Jorritsma

Designing CAD systems for
appropriate trust
This article presents a summary of a recent literature study that showed that 
radiologists often have an inappropriate level of trust in computer-aided diag-
nosis systems. Several ways are proposed to facilitate more effective trust 
calibration.

Computer-aided diagnosis (CAD) systems use 
image processing and artificial intelligence techniques 
to detect and/or evaluate abnormalities in medical 
images. The aim of CADS systems is to assist radiolo-
gists during image interpretation and thereby increase 
their diagnostic performance. An example of a typical 
CAD system is shown in Figure 1.
Various studies have shown that CAD indeed improves 
radiologists’ diagnostic performance (e.g. [1–3]). How-
ever, the performance of radiologists assisted by CAD 
is often lower than that which might be expected based 
on the individual performances of the radiologist and 
the CAD system in isolation [4,5]. There are even stud-
ies that showed that CAD did not improve radiologists’ 
performance at all.(e.g. [6,7]). Other studies showed  
improved sensitivity but reduced specificity (e.g. [8,9]), 
and yet other papers showed reduced sensitivity of 
radiologists for difficult cases [10]. 
Such findings indicate that the interaction between 
radiologists and CAD is not optimal, which prevents 
CAD from reaching its full potential.
Jorritsma, Cnossen and Van Ooijen [11] recently exam-
ined the role of trust in the radiologist-CAD interac-
tion. They performed a literature study in which they 
linked findings from the human-computer interaction 
literature to results from observer studies with CAD. 
Based on this literature study, they suggested ways to 
improve the output of CAD so that it  allows radiolo-
gists to calibrate their trust in the CAD system more 
effectively. This article briefly describes the results of 
their study.

INAPPRoPRIAte tRust IN CAd
Research in the field of human-computer interaction 
has shown that the quality of interaction between 

humans and automated aids (such as CAD) depends 
greatly on the amount of trust the humans place in the 
aid [12]. A higher level of trust leads to a higher level 
of reliance on the aid’s decisions. However, humans 
often show an inappropriate level of reliance on auto-
mation, caused by an inappropriate amount of trust in 
the automated aid. 
Too little trust in a useful aid can lead to under-reli-
ance, which means that the aid’s full potential is not 
being used. On the other hand, too much trust in an 
aid, can lead to over-reliance, which means that the 
aid causes humans to make errors they would not have 
made without it.
Various examples of under-reliance can be found in the 
CAD literature. Radiologists often ignore a substantial 
amount of true positive CAD marks (ranging from 20 
to 84%), are more likely to ignore correctly marked 
large lesions than correctly marked medium and small 
lesions, and sometimes do not even reach the stand-
alone performance of the CAD system.
Examples of over-reliance in the CAD literature include 
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FigUre 1. Example of a typical CAD system for lung nodule detection on chest 
radiographs. The circles are marks inserted  by the system to indicate the 
presence of a lung nodule. The upper mark is a true positive. The lower mark 
is a false positive. Reprinted from [11], with permission from the publishers 
of Clinical Radiology.
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decreased specificity caused by a high 
number of accepted false positive 
CAD marks, decreased sensitivity in 
data sets containing a large number 
of CAD false negatives, and decreased 
sensitivity for difficult cases.
Designing for appropriate trust
The results of observer studies with 
CAD indicate that radiologists often 
have an inappropriate level of trust 
in CAD. Jorritsma et al. argue that 
the reason for this is that the output 
of CAD systems is often presented to 
radiologists in such a way that it is 
impossible for them to establish an 
optimal level of trust in the system. 
They suggest four ways to improve the 
output of CAD so that it facilitates 
more effective trust calibration: 
(1) presenting a confidence rating for 
the decisions made by the CAD sys-
tem, 
(2) providing a global rationale for the 
decision-making process used by the 
CAD system, 
(3) providing a local rationale for each 
specific CAD decision, and 
(4) informing radiologists of the per-
formance levels of the CAD system in 
different contexts.

CoNfIdeNCe RAtING

Most CAD systems present their deci-
sions in a binary way: a structure is 
considered normal or abnormal. They 
do not distinguish between structures 
that exceed their decision threshold by 
a large amount (for which they have a 
high ‘confidence’ that they are abnor-
mal) and structures that barely exceed 
the threshold (for which they have a low 
confidence that they are abnormal).
Presenting a confidence rating for each 
CAD decision might facilitate more 
appropriate trust, because it allows radi-
ologists to adapt their trust in a specific 
CAD decision to CAD’s confidence in 
this decision. This could lead to less 
under-reliance, because false-positive 
CAD decisions likely have a smaller 
negative impact on radiologists’ trust in 
the entire CAD system when they know 
that the system did not have a high 
confidence in this decision. Their trust 
in high-confidence decisions can then 

remain at a high level, causing them to 
dismiss fewer true positives. The con-
fidence ratings could also lead to less 
over-reliance, because radiologists will 
probably be less inclined to trust false-
positive decisions when they know CAD 
has a low confidence in them.
There are CAD systems that already 
provide confidence ratings for their 
decisions. For example by having the 
size or color of a CAD mark corre-
spond to CAD’s confidence in the mark. 
Promising results have been obtained 
with these systems, but there are cur-
rently no studies that have compared the 
effectiveness of CAD systems that pro-
vide confidence ratings and CAD sys-
tems that do not. Although confidence 
ratings have been shown to improve 
trust calibration in other domains, more 
research is needed to determine whether 
they are also effective in radiology.

GlobAl RAtIoNAle

Another approach is to provide radiolo-
gists with a global rationale for CAD’s 
decisions in the form of a set of instruc-
tions. These instructions should explain 
the mechanisms that determine CAD’s 
behavior and the specific circumstances 
in which it is likely to make an error. 
A better understanding of the CAD sys-
tem could mitigate the negative effect 
of errors that seem obvious to radiolo-
gists on their trust in the system. For 
example, if radiologists are aware of the 
fact that a CAD system places an upper 
bound on the structures it evaluates, 
the observation that the system always 
misses obvious large lesions likely has 
a smaller impact on their trust in the 
system than when they are unaware of 
this limitation. 
 An understanding of CAD’s behavior 
could also reduce over-reliance. For 
example, radiologists who detect a nod-
ule near the chest wall but are not very 
confident in their decision might be less 
inclined to change their decision based 
on a false-negative CAD decision when 
they know that CAD is likely to miss 
nodules near the chest wall. 
While this approach seems intuitive, 
there is little research that has evaluated 

its effectiveness. Preliminary findings 
indicate that great care should be taken 
in formulating the rationale, so that it 
facilitates appropriate trust and not just 
more trust. The means of presenting the 
rationale is also important, because dif-
ferent means (e.g. a textual explanation 
of errors versus pictures of errors) dif-
ferentially affect trust.

loCAl RAtIoNAle

An approach that has been shown to 
facilitate more appropriate trust in auto-
mated aids is to provide a local ratio-
nale for each of its decisions. However, 
because CAD’s decision-making process 
is highly complex and can differ greatly 
from that of a radiologist, it is difficult 
to present the rationale for a CAD deci-
sion in a way that is meaningful for the 
radiologist. 
One possibility is to display, for each 
decision, the subset of features CAD 
extracted from the image that contribut-
ed most to the decision. Some CAD sys-
tems already provide such a type of local 
rationale. For example, by outlining the 
central density of detected structures 
or by displaying measurements derived 
from certain image regions. However, 
the effectiveness of this approach for 
trust calibration has not yet been studied 
in the CAD domain.

PeRfoRMANCe level

Appropriate trust occurs when the 
level of trust matches the performance 
level of the CAD system. It is therefore 
important that radiologists are informed 
of a CAD system’s past performance so 
that they can effectively calibrate their 
trust in the system. Because the per-
formance of CAD systems can differ 
between different types of lesions and 
different image acquisition protocols, it 
is vital that the performance informa-
tion presented to radiologists differen-
tiates between these different contexts 
of operation. This could allow radiol-
ogists to calibrate their trust for each 
specific context and might reduce both 
under- and over-reliance by mitigating 
the effects of negative and positive CAD 
experiences in one context on trust in 
CAD in other contexts. 
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COMPUTER-AIDED DIAGnOSIS

Despite the potential benefits of this 
approach, there are no studies that 
have properly evaluated its effective-
ness. Also, there are currently no stan-
dardized approaches for evaluating and 
reporting CAD performance levels. 

CoNClusIoN

Radiologists often have an inappro-
priate level of trust in CAD, which 
leads to suboptimal diagnostic perfor-
mance of the radiologist-CAD team. 
Radiologists sometimes under-trust 
CAD, thereby reducing its potential 
benefits, and sometimes over-trust it, 
leading to diagnostic errors they would 
not have made without CAD. The four 
approaches discussed above have great 
potential to facilitate more appropri-
ate trust in CAD and thereby improve 
the performance of the radiologist-
CAD team. However, the effectiveness 
of none of these approaches has been 
directly studied in radiology. Future 
research should determine whether 
these approaches truly improve trust 
calibration in the radiologist-CAD 
interaction, and to determine the best 
way to implement them.

Most CAD research is currently focused 
on improving CAD’s performance. 
While this is of course valuable, the full 
benefits of this research are only har-
nessed if the increase in performance 
is matched by an equivalent increase 
in trust. It is therefore vital that more 
research is devoted to the radiologist-
CAD interaction, and specifically the 
role of trust therein. Without this kind 
of research, CAD will never reach its 
full potential. 
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book review

Critical Observations in Radiology 
for Medical Students is an ideal com-
panion for medical students and clini-
cians, with a focus on medical learn-
ing and patient management to sup-
port clerkship rotations and internship 
training. This brand new title delivers 
comprehensive radiological illustra-
tions of various pathologies on dif-
ferent modalities, guiding the reader 
through the processes of understanding 
different imaging techniques, request-
ing the most appropriate medical imag-
ing modality and procedure in order 
to reach a clinical diagnosis. With a 
simple approach to a wide-range of 
organ-based important pathologies 
from an imaging point of view, this 
comprehensively illustrated volume 

uses a simple consistent categorization 
scheme.  The book includes: •In-depth 
evaluations of the strengths and weak-
nesses for each modality. •Explanations 
of the basic physics of different imaging 
modalities. •An accessible overview of 
the current FDA and ACR guidelines 
for imaging safety, radiation risks, with 
special guidelines for imaging children 
and pregnant women. • An exploration 
of a wide-range of organ-based pathol-
ogies from an imaging point of view. 
The book is a timely, manageable and 
concise learning resource, with broad 
topic coverage and enhanced learning 
features to help students and clinicians 
answer the question, ‘which test should 
I order?’ and confidently diagnose and 
manage conditions.

Critical Observations in Radiology for Medical Students
by Katherine R Birchard, Kiran Reddy Busireddy, Richard C. Semelka 
Pub by Wiley-Blackwell 2015, €  43.50


