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Abstract

Many necessary and desired improvements in healthcare are dependent on progress in medical imaging. As shown
in this paper, the challenges targeted by visual analytics (VA) coincide with main challenges for radiologists’
diagnostic work. Key prerequisites for VA in this application domain have been identified through analysis of a
survey among 22 radiologists at a university hospital. Two major findings are that efficiency is perceived as the
most challenging aspect of their diagnostic work and that an exploratory approach is necessary in everyday image
review. The presented characterization constitutes a validated input for design of future VA research initiatives
within medical imaging.

Categories and Subject Descriptors (according to ACM CCS): H.1.2 [Information Systems]: User/Machine
Systems—Human factors J.3 [Computer Applications]: Life and Medical Sciences—Medical information sys-
tems

1. Introduction

Medical imaging is a cornerstone for healthcare and op-
portunities for improved diagnostics steadily arise thanks to
technology advances. For the benefit of the patient, the ac-
quired data sets become larger and more complex. It is, how-
ever, crucial that the final link in the diagnostic chain – the
radiologist’s review – develops to match the increased power
of the acquisition step [And04]. Thus, there is a strong need
to effectively support advanced reasoning through visual in-
teraction, i.e. for visual analytics (VA) solutions.

Knowledge about the application domain is central for
successful visualization research. Testimony from radiolo-
gists [Rei08] illustrates that in-depth knowledge about the
visual interaction prerequisites is still scarce among techni-
cal researchers and developers. Our work aims to lay a foun-
dation for future VA methods in this domain by describing
and analyzing key characteristics of the VA-related work of
a radiologist. Our results are based on a survey among 22
radiologists at a university hospital.

The question can perhaps be raised whether the radiolo-
gist’s challenge is within the VA scope or not, in particular
since it has been relatively sparsely represented in VA re-
search so far. A side-effect of the current work is that diag-
nostic imaging is shown to indeed be a valid VA application

domain, for example since the key characteristics identified
include complex discovery in massive data sets under high
efficiency pressure.

2. Related work

The idea underpinning the current work is that human ana-
lytic reasoning supported by interactive visual interfaces is a
powerful way to tackle large-scale data mining in many sce-
narios [TC05,KKEM10]. Within the medical sciences much
research effort has been spent towards the objective of im-
proving the performance of the radiologist himself, i.e. the
human observer. Studies of perceptual processing, some-
times including cognitive aspects, have been employed as
means to improve diagnostic performance [MGK05]. Iden-
tification of differences between expert and novice users
has been proposed as input to improved training programs
[Tay07, MMK∗08]. Regarding the exploratory nature of im-
age review, Krupinski [Kru03] noted: "...the degree of natu-
ral variation in both normal and abnormal structures is quite
high, and radiologists will never see all possible variations
no matter how long they practice and how many images they
see.”

The approach in the current work is to characterize image
review work as a means to improve technology to better fit
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the task at hand. This line of research is related to the field
of Cognitive Task Analysis (CTA) [CKH06], but we do not
here share the CTA objective to carry out a detailed break-
down of tasks and activites. Rogers [Rog95] studied the in-
terplay between perception and problem-solving in medi-
cal diagnosis using “thinking aloud” observations. Expec-
tation based on experience was found be an important link
between perceptual and cognitive processes. Many studies
address the medical effect of diagnostic imaging applica-
tions [PBL∗06, EKH∗10] but technology is commonly seen
as a black box and VA-relevant conclusions about improved
solutions are rare. In contrast, the objective in this paper is
to contribute to improved VA methods by paving the way for
future research in the form of an extension and refinement of
the existing knowledge base.

3. Key characteristics of diagnostic image review

In order to extract the key characteristics of VA work in med-
ical image review, a questionnaire was designed. It was val-
idated by radiologist collaborators and then distributed as
a web survey to the radiologists of the University Hospi-
tal in Linköping, Sweden. The survey was completed by 22
respondents with 0 to 32 years of experience as specialist
physicians in Radiology, in average 9 years. For significance
tests a confidence level of 95% was used.

3.1. Cognitive task overview

In this section we first describe the main VA-related parts of
a radiologist’s work, namely the tasks pertaining to medical
image review. The categorization of the subtasks stems from
discussions with practising radiologists including co-authors
of this paper. The categorization is not intended to qualify as
an in-depth task analysis, but to provide a sufficient overview
for the analyses in this paper.

The components identified in a radiologist’s image review
work were:

• To plan the examination such that relevant and sufficient
image data are acquired (Plan examination)

• To localize findings relevant for the primary diagnostic
conclusion (Primary findings)

• To localize all secondary findings that potentially can af-
fect treatment (Secondary findings)

• To characterize the findings found (Characterize)
• To determine shape, size and relative positions for differ-

ent parts of the anatomy (Geometry)
• To draw correct diagnostic conclusion, once all relevant

findings have been found and characterized (Diagnosis)

A prioritized agenda for visualization researchers can
be found by determining the main unsolved challenges for
the end-users. Therefore, the radiologists were asked in
the survey to assess how challenging (difficult and/or time-
consuming) the different aspects of their work are. In addi-
tion to the subtasks listed above, the challenge To be efficient

Figure 1: The radiologists’ assessment of how challenging
their different tasks are. Low scores means highly challeng-
ing, see text for detailed definition. Narrow bars are partial
results for experienced and unexperienced radiologists, re-
spectively (see section 3.4).

enough to cope with workload (Efficiency) was added. The
results are shown in figure 1. The scale used was a 1-7 score
with odd numbers having a semantic description:

1. Extremely great and always present challenge
3. Great and often recurring challenge
5. Significant and sometimes present challenge
7. Insignificant or extremely rare challenge

The results show that radiologists overall see great and
often recurring challenges in their work. The Efficiency
challenge is perceived as the most problematic. Wilcoxon
matched-pairs tests confirm that there is statistical signifi-
cance in the difference to all other work components except
to Primary findings or Diagnosis. A noteworthy result is also
that the Diagnosis challenge is important, that is, even when
all relevant image features have been found and character-
ized, the remaining diagnostic task is cumbersome.

Understanding shape, size and relative positions (Geome-
try) is considered the least important challenge. This may be
surprising, since this challenge is a major motivation for 3D
visualization in medical imaging. An explanation is that ra-
diologists develop an expertise in creating mental 3D models
from axial slice images, thus being less dependent on actual
3D visualizations. Nevertheless, the challenge is still signif-
icant for the radiologists and it is likely that other physicians
have a relatively higher need for 3D.

3.2. Knowledge characteristics and usage

One part of the survey was directed towards investigating us-
age of the various sources of knowledge available to the ra-
diologists. Five sources were named, Newly acquired data,
Old data (for the same patient), Reference cases, Own expe-
rience, and Other people’s experience. "Data" was defined as
both textual information and image data. The question posed
was: If you read 100 cases, in how many cases would you
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Figure 2: The usage of knowledge sources in percent of di-
agnostic cases.

use each source of knowledge, respectively? The results are
shown in figure 2.

The results show clearly that there are three primary
sources of knowledge: New data, Old data, and Own experi-
ence. These sources are in play in almost every case. While
usage of new data and individual expertise can be expected
in virtually any visual analytics domain, a potentially more
differentiating characteristic is the fact that prior examina-
tions are very central. A follow-up question was how many
times each source would be the least valuable one, judged
a posteriori for 100 cases. Reference cases were clearly as-
sessed to be the least necessary source, with an average score
of 47%, compared to the second ranked source Other peo-
ple’s experience at 23%. The difference between the two was
statistically significant (matched-pairs t-test, p = 0.031).

The process of building experience was also studied. One
question posed was: How many cases do you need to learn
and reliably work with a, for you, new type of images? Three
possible reasons for the novel images was given: a new type
of disease, a new type of data acquisition, and a new type of
visualization technology. Answers were given in a logarith-
mic scale, 10x, x ∈ [0,1,2,3,4]. The average of x was simi-
lar for the three reasons, 1.42, 1.60, and 1.60, respectively.
Thus, the radiologists claim to need about 30-40 cases to
build sufficient experience for a new type of review.

The level of understanding of the underlying visualization
technology is another characteristic of the visual analytics
prerequisites. One question addressed this from the aspect of
dealing with potential errors: For the images you work with,
how well do you know the visualization technology in terms
of limitations and possible artifacts? The same question was
asked for data acquisition technology. The scale used was:

1. Not at all
2. A vague idea
3. Can interpret and deal with the most common situations
4. Can interpret and deal with virtually everything relevant
5. Can write a textbook for physicans
6. Can write a textbook for engineers/phycisists

A natural target level for a radiologist would be a score
of 4, to ensure that any technology limitation potentially af-
fecting the diagnostic result is known. For visualization tech-
nology, the average score was 2.81 and for data acquisition

Figure 3: The percentage of cases that has unexpected find-
ings, i.e. that could not be anticipated from the request or
other patient history.

3.14. Thus, the radiologists acknowledge that technology
understanding is an area for improvement. Using a similar
scale, the radiologists were also asked to assess their general
knowledge of the two visualization methods Traditional 2D
images and Volume rendering (3D). The respective average
score was 3.44 and 2.60, a statistically significant difference
(Wilcoxon matched-pairs test: p = 0.0078).

3.3. Exploratory components

A characteristic that highly influences the design of a vi-
sualization tool is whether the target is routine tasks or ex-
ploratory tasks. A question aimed to throw light upon this is-
sue was: If you review 100 cases, how many have unexpected
findings? In the instructions, "expected finding" was defined
as an anticipated possibility given the request information
(the background for the ordered examination) and patient
history. As shown in figure 3 the answers ranged between
2-50%, with an average of 19% cases with unexpected find-
ings. Drilling down further, one question read: Assume that
given the request information a list could be produced con-
taining the most probable primary diagnostic conclusions.
If you review 100 cases, how many times would the actual
primary diagnostic conclusion be a part of the list, if the list
had 3, 10, and 50 entries, respectively? The average answer
was 45% (list of top three likely diagnoses), 69% (top ten),
and 90% (top 50).

The results point to a duality in the routine vs. exploratory
characteristic. On one hand, a majority of cases only have
expected findings, thus having a routine trait. On the other
hand, as the unexpected is still fairly common, the radiolo-
gists need to have an exploratory approach to all cases. Even
with a list of the 50 most likely diagnoses, in one case out of
ten the conclusion would be something else.

One question concerned the radiologists’ view on auto-
matic algorithms: How high reliability would you require to
start using an automatic algorithm? Note that the usage of
the algorithms was described as a complement to the regular
review, not as a replacement. The question was put for algo-
rithms targeting detection and characterization, respectively,
with reliability defined as the probability that no significant
errors occur. The results in figure 4 show that 90% and 99%
are the dominating responses.
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Figure 4: Required reliability (probability that no significant
errors occur) for supporting automatic algorithms targeting
detection and characterization, respectively.

3.4. Differences within radiologist subgroups

In the analysis of the survey, the respondents were divided
into two groups based on the experience level. The experi-
enced group (EG, n = 11) had worked 5-32 years as special-
ist radiologists, the unexperienced group (UG, n = 11) had
worked 0-2 years. Some differences could be noted, even
though they were not statistically significant. The unexperi-
enced radiologists saw greater challenges in their work (fig-
ure 1). The average score for UG was 3.17 versus 3.53 for
EG. The largest difference was found in localizing secondary
findings (UG: 2.82, EG: 3.73). The unexperienced radiolo-
gists gave lower assessments of their technology understand-
ing (section 3.2) both for visualization (UG: 2.45, EG: 3.20)
and for data acquisition (UG: 2.91, EG: 3.40). Thus, there
is no support for the hypothesis that younger generations of
radiologists have higher technical competence, but rather in-
dications that experience is what counts also in this area.

A comparison of radiology subspecialities was also done.
Whereas significant differences were rare, an exception was
the challenge estimation (section 3.1), where subspecialists
in Vascular and interventional radiology (n = 5) saw least
challenges, in average 3.63, those in Thoracic radiology
(n = 9) saw greatest challenges, in average 2.92, and the dif-
ference was statistically significant (Mann-Whitney U test,
p = 0.047). No radiologist was in both those groups.

4. Discussion

The picture of diagnostic imaging as a VA subdomain has
been confirmed and refined by the results of this study. Apart
from the well-known challenge of imaging data overload
[And04], the demands on efficient delivery (section 3.1) un-
derlines the relevance of the VA agenda. Furthermore, the
fact that diagnosis remains a tough challenge even when all
findings are identified points to the ambiguity and conflicts
in the imaging data. In summary, the VA prerequisites in di-
agnostic imaging can be described as:

• Efficiency is the greatest challenge
• There is high dependence on prior data
• An exploratory approach is necessary
• There are deficiencies in the knowledge about underlying

technology

An important point of discussion is whether the results of
this study can be extrapolated to radiologists in general. In-
formal discussions with radiologists indicate that image re-
view practice is fairly consistent world-wide, but future work
to repeat similar studies elsewhere is needed to confirm this.
A result with high potential bearing also outside the medi-
cal field is the end-user’s limited level of understanding of
the visualization technology. This important factor for VA
effectiveness is an interesting topic for future work.

The characterization presented is intended to contribute
to future VA research in diagnostic imaging. The value of
a deeper understanding of the application domain is high in
visualization research. The conclusions made can both aid
selection of relevant research questions to pursue as well as
guide domain-specific tailoring of developed methods.
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