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Summary

Objective: Tools for medical image process-
ing are usually evaluated by observers with
radiological experience and with complex
tasks. For easing evaluation of filtering and
enhancement tools, the observer's task can be
generalized.

Methods: By describing aspects of the MCS
method (Mammographic Contrast Sensitivi-
ty) we illustrate issues of selecting a metric for
assessing visual performance, the observer’s
task and the image material to be used, aim-
ing at a generalization of the design of studies
for the evaluation of medical image process-
ing tools. Concerning the metric, we distin-
guish acuity from contrast sensitivity. With re-
spect to the observer's task, we distinguish
tasks of discrimination from those at a higher
level of recognition. Finally, we show the ad-
vantage of using medical images for evaluat-
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Introduction

The value of medical imaging and image pro-
cessing methods is not only judged by the
quality of the images, but ultimately by the
radiologist’s success [1]. Medical images are
characterized by a large variability of struc-
tures, and interpreting those images is a chal-
lenge. Notwithstanding the diagnostician’s
expertise, lesions are missed. Reasons for not

ing image processing tools by comparing the
results for measurements on homogeneous
background and mammographic images.
Results: The perceptual level of the observer's
task and the complexity of the used image
material influences the outcome of observer
studies, particularly also from crowding ef-
fects. The design of a study should minimize
the impact of the observer's experience on the
outcome. This can be achieved by using non-
anatomical, standardized perceptual targets
like Gabor patterns, used in the context of
medical images.

Conclusions: Understanding the concepts of
perception helps designing observer studies
that are as complex as required, but at the
same time as simple and general as possible.
Performing an observer study may be simpli-
fied by a study design which does not require
radiological experience of the observers, if the
study aims at the evaluation of tools that shall
support basic perception tasks, such as e.g.
contrast enhancement.
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detecting a lesion can be grouped into three
categories: an inappropriate search strategy
so that the lesion is not looked at, not spend-
ing enough time for looking at the lesion, or,
finally, misinterpreting the features of the
lesion [2].

One aim of medical image processing is to
help the radiologist look more carefully. The
functionalities of available tools range from
optimization of the workflow over contrast

modifications, magnifications of image parts,
and image enhancement strategies up to CAD
(Computer Aided Detection) and CADx
(Computer Aided Diagnosis) methods.

The subjective notion of “image quality” is
influenced by image-dependent factors, re-
lated to the visual conspicuity of clinically
relevant features, and on image-independent
factors that are primarily semantic in nature
and are related to what the observer knows
about the presented visual information [1].
Tools for medical image processing and pres-
entation can address both image-dependent
and image-independent factors, e.g. by
extraction, classification and marking of
lesion structures with CAD methods (image-
dependent), or by guiding the observer’s
visual-spatial attention, e.g. with display
shutters (image-independent).

Studies evaluating the effect of image pro-
cessing tools on the observer’s performance
are usually designed for observers with radio-
logical experience [3-7]. Normally, the ob-
server’s tasks are of high complexity as, e.g.,
the detection or discrimination of a (simu-
lated) lesion in a mammographic image [3,
8]. The effort for the development of the ob-
server’s task, for selecting the image material
and for selecting the observers is high. Here
we show that evaluation studies for e.g.
contrast enhancement tools might be sup-
ported by methods adapted from basic per-
ceptual science, especially with regard to a
generalization of the observer’s task.

Objectives

Three perceptual issues are discussed: the
choice of a metric for describing the ob-
server’s visual performance, the observer’s
perceptual task, and the image material used.
The observer’s task and the metric for assess-
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Fig. 1
respectively: a) and ¢) Gabor pattern; b) digit. The surrounding circle marks the area to be fixated by the observer [9].

ment of visual performance are coherent and
strongly affect the effort of an observer study.
Discussing the selection of image material is
essential for investigating evaluation meth-
ods in medical image processing.

Exemplified by the MCS method (Mam-
mographic Contrast Sensitivity) [9-11], an
approach for a more general study design is
illustrated. The MCS method was developed
for investigating the effect of tools on a special
performance measure, the individual con-
trast sensitivity on mammographic back-
grounds. Our motivation for the develop-
ment of the MCS method has been to make
the study results independent of the ob-
server’s radiological expertise.

Methods

The MCS Method as an Example
of a Perception-centered Approach

The MCS method uses Gabor patterns super-
imposed onto a mammographic image back-
ground for the determination of the individ-
ual contrast sensitivity [9]. Gabor patterns
are sinewave-modulated “stripes” in a Gaus-
sian soft aperture (P Fig. 1c). The observers
are given an orientation discrimination task
in which they decide, e.g., whether the
“stripes” are horizontal or vertical. Contrast
thresholds are measured by a psychophysical
staircase procedure [12] at six spatial fre-
quencies up to 16 cycles per degree (cpd;
number of “stripes” per degree visual angle).
The use of Gabor patterns, overlaid onto a
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mammogram, is motivated by the fact that
spatial frequency content does influence the
radiologist’s perception and interpretation of
images [2, 13-15], and by that Gabor patterns
are today’s standard stimulus for assessing
human contrast sensitivity.

The measurements can be performed
under different viewing conditions or with a
number of image presentation or processing
tools. The results from these manipulations
show whether the particular conditions im-
prove the observer’s contrast resolution per-
formance. P> Figure 1a shows a Gabor pattern
on a mammogram, and P> Figure 2 shows the
plot of the contrast sensitivity function (CSF)
for orientation discrimination, measured
with a set of Gabor patterns of differing spa-
tial frequency. For the MCS method the
contrast sensitivity is defined as usual with
Gabor stimuli as the inverse of the Michelson
contrast (L, — L,)/(L; + L,), where L, and L,
are the minimum and maximum luminance
in the Gabor pattern, respectively.

These results were obtained in an observer
study, conducted to verify the applicability of
the MCS method in the mammographical
context [9]. Eight observers took part in the
psychophysical study. On homogeneous im-
ages as well as on four mammograms having
different tissue characteristics, Gabor pat-
terns and digits, respectively, were presented
on an area of about 2.5 cycles per degree and
for a time of 720 ms (Fig. 1). The location of
the Gabor patterns and digits was marked by
a fixation circle. The observer’s task was to
focus on the given area, to determine the
orientation of the Gabor patterns, and to

Examples for the presented test items in the investigation of the MCS method, superimposed onto a mammogram and a homogeneous image,

identify the digits, respectively. Contrast
levels and spatial frequencies were varied. The
results of the study are used in the following
sections.

Metrics for Visual Resolution
Performance

Visual performance is standardly assessed,
amongst other measures, by visual acuity and
contrast sensitivity. Acuity specifies the mini-
mum separable distance between two con-
tours at maximum contrast. Acuity, therefore,
provides a suitable description of visual per-
formance for investigations where fine detail
at maximal contrast plays an important role.
Medical images are, however, often charac-
terized by the presence of both coarse and fine
detail and structure of low contrast.

To account for the latter, the use of
contrast sensitivity as a metric is advisable.
Contrast sensitivity is the inverse of the
contrast threshold, where threshold is the
minimum contrast required for detecting or
identifying a pattern in front of a given back-
ground. Usually, the contrast sensitivity is de-
termined as a function of spatial frequency,
resulting in the contrast sensitivity function
(CSF; Fig. 2) [15]. The CSF is a more compre-
hensive description than a single contrast
sensitivity value, since the perception of
coarse structure (low spatial frequency) can-
not be predicted from the perception of fine-
grain structure (high spatial frequency). In
general, the perception of low and high spa-
tial frequency requires more contrast than at
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the mid range [8]. Principal component
analysis has shown that most of the CSF’s
variation is captured by three factors, or
bandpass channels, peaking at low, medium
and high spatial frequency [16].

The Observer's Task

Human pattern recognition is a nonlinear
process [17, 18], and the results of contrast
threshold measurements, performed e.g. with
a detection task and a homogeneous image
background, might not allow predictions on
the sensitivity for recognizing low-contrast
patterns in an applied situation as in the diag-
nostics of mammograms. Indeed, previous
psychophysical studies have shown that
human detection performance does not pre-
dict pattern recognition performance [19].
So, for tasks in visual perception, a processing
hierarchy is assumed: The perception of a
structure can occur at different levels, such as
detection, discrimination, identification and
recognition, in an ascending order of hier-
archical relation. It is not always possible to
predict results at one hierarchy level from
those at another level [19, 20]. If an observer
detects a structure, there is no prediction of
whether the observer will be able to discrimi-
nate the structure from another one, or
whether he or she is capable of recognizing
the structure.

This difference can be illustrated by com-
paring the results of the MCS method with
those of a modified MCS method, i.e. where
the task of discriminating Gabor patterns is
replaced by one of identifying a pattern, like a
digit in our application (»Fig. 1b). » Fig-
ure 3 shows the results of the pooled data for
the eight observers of the study mentioned
above. The CSF for the more difficult task —
the identification of a digit — is lower than the
CSF for the easier task of orientation dis-
crimination. This behavior is found for
measurements with homogeneous back-
ground as well as for those on mammo-
graphic background images.

Image Material for Perceptual
Investigations

The identification of an object within a medi-
cal image is influenced both by its image fea-
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Fig. 2 Plot of the contrast sensitivity function (CSF) for the orientation discrimination with a set of

Gabor patterns of different spatial frequencies. The presented CSF includes the pooled CSF data of the

eight observers (modified from [9]).
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Fig. 3 Comparison of the CSF for a discrimination task with Gabor patterns (continuous line) and an
identification task with digits (dashed line) for eight observers (modified from [9])

tures and by the features of the surrounding
anatomical structures. In basic perceptual re-
search the impairment of pattern recognition
by the presence of neighboring structure is
known as the crowding effect [21-23]. Samei

et al. demonstrated this effect for the detec-
tion of subtle lesions in X-ray images of the
thorax [24]. Investigations on observer’s per-
formance for tasks on medical images are
thus expected to have higher validity when
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Fig. 4 Comparison of the CSF of two observers (P1 and P8) for Gabor patterns on homogeneous
background (dashed line) and a mammographic image (continuous line) (modified from [9])

using objects on real medical instead of
homogeneous images.

For investigation of the behavior of the CSF
in an anatomical and a non-anatomical image
context, the MCS method was performed with
a mammographic and a homogeneous image
background (P> Figs. 1aand 1c¢). For all observ-
ers the contrast sensitivity was significantly
higher on the homogeneous than on the tissue
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background. An example of this for the observ-
ers P1 and P8 is shown in P> Figure 4. Not only
the overall level but also the shape of the CSF
varied between the homogeneous and the tis-
sue image context. These variations were dif-
ferent between the observers. The precise
shape of the CSF on the tissue background
thus seems not easily predictable from the CSF
on a homogeneous background.

Results and Discussion

To sum up, for investigations on the observ-
er’s performance, basic perceptual science
shows the role of the selection of the task level
and of the background. The use of real medi-
cal images (over homogeneous or simple
phantom images) can be expected to improve
validity, since the anatomical and pathologi-
cal variations in an image influence the ob-
server’s performance, e.g. due to masking or
crowding effects. There is, furthermore, a
range of object sizes for which the perceptual
performance is better than for smaller and
larger objects [8].

For the application of the MCS method
this suggests to use mammographic images to
meet the medical context, but to make the
investigation more general and independent
from the observer’s expertise by giving the
observer a task which is perceptual rather
than cognitive in nature to find a lesion with-
out knowing its structural details. The task of
orientation discrimination for Gabor pat-
terns with a varying spatial frequency, which
is standard in vision research, meets this
requirement. The higher-level task of iden-
tifying a letter at low contrast can further-
more be expected to give results closer to the
recognition of low-contrast anatomical ab-
errations, if this is required by the tool to be
evaluated.

When non-anatomical perceptual targets
such as Gabor patterns or characters are
chosen that do not require radiological ex-
perience, the results can be expected to re-
flect general perceptual characteristics only.
However, if a medical image processing tool
aims at the improvement of general percep-
tual characteristics, as the perception of
contrast, the use of non-anatomical targets
may reduce the effort of tool evaluation
studies with regard to the selection of ob-
servers and the preparation of image materi-
al. Moreover, the reproducibility and reli-
ability of the measurement results may be im-
proved, since different radiological expertise
between the observers has not to be con-
sidered.

Conclusions

Since technology allows presenting better im-
ages, perceptual research in medical imaging
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may gain importance. Results from image
perception may guide basic research on the
efficacy of image processing tools [25] and on
the evaluation of their effects on selected per-
ceptual performance aspects of the observer.
Methods adapted from basic perception re-
search can complement methods of tool
evaluation that use pure mammographic
image material and tasks.

The investigations on the MCS method
indicate how to generalize tool evaluation by
simplifying the target item and observers’
task. Although the CSF for more complex tar-
gets like characters may provide results closer
to radiological perception tasks, studies using
Gabor patterns can be used for general state-
ments on the effect of image processing tools,
i.e. whether the application of a tool leads to
an improved contrast perception for a set of
spatial frequencies.

A crucial open issue is how to simplify tar-
gets and observers’ tasks without compro-
mising the medical relevance of the outcome.
Further investigations are necessary for an ex-
plicit comparison of the results of studies
using generalized and anatomical targets. If
for example an improvement of contrast per-
ception is achieved for several types of targets,
we can expect that the generalized targets are
sufficient for the tool evaluation.

In addition, further investigations should
be made on the correlations between differ-
ent target items, such as Gabor patterns, digits
and simulated simplified lesions, and the
mammographic image background. In an-
other investigational part of the study, de-
scribed in [9], the results of the MCS method
with Gabor patterns showed a wide inde-
pendence of the mammographic image. An
interesting question is whether this inde-
pendence also exists for more difficult target
items.
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When designing and performing observer
studies, results from human pattern recogni-
tion research point to the importance of
which metric to choose for assessing the vis-
ual performance, to the level of the observers’
task and to the used image material.
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